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INTRODUCTION
The study of non-linear oscillations of massive stars 
undertaken in this thesis has been orientated, in the 
first instance, towards determining the form of the radial 
velocity curve of a pulsating star, and later, to aspects 
pertaining to the vibrational stability of certain stellar 
mo d e 1 s .
In Section 1 a study has been made of the anharmonic 
adiabatic radial pulsations of an early main-sequence star of 
ten solar masses. The characteristic frequencies have been 
derived for the first six modes of oscillation in Chapter 1.
The third order approximation to the equation of motion has been 
obtained in Chapter 2, while in Chapter 3 the radial velocity 
curve has been determined, taking into account the influence 
of the first four, five and six modes of oscillation. By 
including the third order terms in the equation of motion 
it is found that the skewness of the radial velocity curve 
is increased when the first four modes of oscillation are 
taken into account, this radial velocity curve being 
compared with the observed curve for 6 Cephei. The 
skewness and some other features of the radial velocity 
curve are shown to be surface effects.
The pulsational properties of a sequence of massive 
stars have been investigated in Section 11, Chapter 4 of 
this thesis. The second order approximation to the equation
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of motion governing the adiabatic radial oscillations of 
these stars has been determined allowing for the variation 
of the radiation pressure throughout the star. In each 
case the form of the radial velocity curve at the surface 
of the star has been established taking into account the 
influence of the first four, five, and six modes of oscillation. 
Comparative conclusions have been formed about the effect 
of increasing mass, as well as the effect of including 
higher modes of oscillation, on the form of the radial 
velocity curve. The shape of the radial velocity curve 
beneath the stellar surface has also been determined for 
two of these models.
The non-adiabatic terms have been included in the 
second order approximation to the equation of motion 
derived in Section III, Chapter 5.
The coefficient of vibrational stability has been 
calculated for the first six modes of oscillation for each 
of the massive stars introduced in Chapter 4. For a 
given chemical composition, and rate of energy generation 
by the carbon-nitrogen cycle, the 1urnino sity, radius and 
central and effective temperatures of these stars have also 
been determined. Two stellar models were chosen, on the 
basis of the sign of the stability coefficient for the
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f u n d a m e n t a l  mo d e ,  t o  i n v e s t i g a t e  t h e  e f f e c t  o f  c o u p l i n g ,  
b e t w e e n  t h e  f i r s t  t w o  mo de s  o f  o s c i l l a t i o n ,  t h r o u g h  t h e  
n o n - l i n e a r  t e r m s .  I t  i s  f o u n d  t h a t  c o u p l i n g  d o e s  m o d i f y  
t h e  f o r m  o f  t h e  o s c i l l a t i o n  o f  t h e  i n d i v i d u a l  m o d e s .
At  t h e  e n d  o f  e a c h  s e c t i o n  t h e  r e l e v a n t  n u m e r i c a l  
r e s u l t s  h a v e  b e e n  r e c o r d e d  i n  t h e  f o r m  o f  t a b l e s  a n d / o r  
f i g u r e s .
T h r o u g h o u t  t h i s  t h e s i s  a l l  w o r k  d u e  t o  o t h e r  a u t h o r s  
h a s  b e e n  r e f e r e n c e d ,  h o w e v e r ,  t h e  b a s i c  t h e o r y  i s  w e l l  
e s t a b l i s h e d  a n d  o n l y  b r i e f  r e f e r e n c e s  a r e  g i v e n  f o r  t h i s .
I n  p a r t i c u l a r ,  I w o u l d  l i k e  t o  a c k n o w l e d g e  t h e  c o n t r i b u t i o n  made 
by  P r o f e s s o r  R.  Van d e r  B o r g h t  i n  p r o v i d i n g  n u m e r i c a l  d a t a ,  
n o t  a l l  o f  w h i c h  h a s  b e e n  p u b l i s h e d ,  a n d  o t h e r  e s s e n t i a l  
m a t e r i a l  s u c h  a s  s t e l l a r  m o d e l s  on  w h i c h  t h e  w o r k  i n  t h i s  
t h e s i s  h a s  b e e n  b a s e d .
I w o u l d  l i k e  t o  t h a n k  P r o f e s s o r  R.  Van d e r  B o r g h t  f o r  
i n t r o d u c i n g  me t o  t h e  f i e l d  o f  A s t r o p h y s i c s ,  f o r  s u g g e s t i n g  
t h e  p r o b l e m  a n d  f o r  s u p e r v i s i n g  t h e  w o r k  u n d e r t a k e n ,  a n d  
a t  t h e  same t i m e  r e c o r d  my a p p r e c i a t i o n  f o r  t h e  d i r e c t i o n  
a n d  e n c o u r a g e m e n t  g i v e n  by  h i m t h r o u g h o u t  t h i s  i n v e s t i g a t i o n .
F i n a l l y  I w o u l d  l i k e  t o  t h a n k  M r s .  A. D a r b y  a n d  M i s s  
A. I s m a  f o r  so c a p a b l y  t y p i n g  a n d  p r e p a r i n g  t h e  m a n u s c r i p t .
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SECT ION 1
AWHARMOWZC OSCILLATIONS OF AN EARLY
MAIN-SEQUENCE STAR .
CHAPTER 1
OVERTONE PULSATIONS OF THE K(LO) MODEL.
§7. 7 INTRODUCTION
In two recent papers Gurm [4], [5] has made a detailed study 
of the pulsational properties of a star of ten solar masses, 
basing his computations on a stellar model derived by Kushwaha 
[6]. In Gurm's work the cubic terms were neglected in the 
equation of motion and the influence of the first four modes of 
oscillation were taken into account.
It is the main purpose of the present section to determine 
whether the skewness of the radial velocity curve can be increased 
by the inclusion of the third-order terms in the equation of motion 
or by the contribution of higher modes of oscillation [2],
To establish the exact form of the radial velocity curve of a 
pulsating star it is first necessary to determine the solution of 
the equation of motion governing the pulsations. However, for 
the stellar models under consideration in this thesis, no general 
solution of this partial differential equation can be established 
and accordingly we have introduced an expansion involving the eigen^ 
functions of the linear problem as a method of solution for this 
equation. Hence as a first step we will take the linear problem 
into consideration and derive the eigenfunctions for the respective 
stellar models.
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§ 1.2 PRINCIPAL CHARACTERISTICS OT THE K U O )  HOVEL
Kushwaha[6], to study the evolution of early main-sequence stars,
constructed three stellar models with masses 2°5 M. 5M. and 10M_.© > ©  ©
The computations in this section have been based on the initial model 
of the evolutionary sequence for the star of 10MQ(i.e. K(10) model) 
with a homogeneous composition throughout: hydrogen, X = 0*90, helium,
Y = 0°09 and heavy elements z = 0*01 with X-q t^ = ^ Z. This initial model 
has a central core extending to 23% of the stellar radius and a radiative 
envelope extending to the stellar surface. However, later models for 
the evolutionary phases consist of three zones - a homogeneous radiative 
envelope, an inhomogeneous radiative intermediate zone and a homogeneous 
convective core.
Radiation pressure has been allowed for, but does not account for 
more than 3% of the total pressure for the initial lOM^ model. Opacity 
is due to electron scattering and Kramer’s absorption by addition.
Energy production by the carb -n-nitrogen cycle dominates and in the 
case of the initial model is confined to the core.
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Physical Characteristics of the K(10) ifodel (homogeneous) [6]
Log(L/Lq ) +3 -4769
l°g(R/R@) +0-5594





M . vis -1-56
log Tc +7-4416
log P'c +0-8919
The numerical tabulation of p, p,etc, for the K(10) model, were taken 
from Schwarzschild [15], table 28*1.
As already stated by Gurm [4], the K(10) model can be taken as an 
approximate representative of the Cepheids, although in the HR .diagram 
it is nearer the 8 Cephei stars.
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§1.3 BASIC LIN E A R  E QUATIONS.
If 6r and 6p are the amplitudes of the radial adiabatic pulsations
in position and pressure, the relative amplitudes
<Sr , cpr. = —  and p n = -—1 r rl p












r denotes the distance to the centre of the star 
R denotes the radius of the star, 
with x = ^  ;
denotes the mass inside a sphere of radius r,
M denotes the total mass of the star,
M
with q = ~  .M
Y denotes the ratio of specific heats, 
p denotes the density, 
p denotes the pressure
and a)“ RGMJrr (
2tr
period ö being rhe frequency of the oscillation.
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-8 2 -2The constant of gravitation G = 6*67x10 dyne cm gm
7 -1 -1and the gas constant R - 8*31x10 eng mol deg
The numerical solution of the above equations, for the K(10) model, is
considered in detail in §1°4.
In view of later requirements in this thesis it is relevant at 
this stage to introduce a second fornulation of the linear problem.
The equations 1.3-1 and 1.3-2 can be combined into a single differential 
equation of the second order which has been the subject of much attention 
in the past and is equivalent to the equation 2.2-4 with Q(£) = C(£) = 0.
Differentiating 1.3-1 gives
dPl- a dri _ d I gl \ 
dr Y dr "yr dr ' dr  ^ ’ 1.3-3
and then substituting this, together with the appropriate expressions
2for p^, x, q and W , into 1.3-2 
dr
df (yr^P ^r1-) + {o2pr4+ r3 ^C(3y-4)p]} = 0. 1.3-4
6rIntroducing £ = into 1.3-4 and on carrying out some further 
simplification we obtain the following second order differential 
equation
d2C d£ ,4








This equation can be solved subject to the following boundary 
conditions, namely:
at the centre 6r = r£ = 0 at r = 0,
1.3-6
at the surface of the star 6p = 0 at r = R, 
this last condition implying [1]
yp(3£ + r ™ )  = 0 at r = R.
In discussing possible solutions of 1.3-5, with the appropriate
boundary conditions 1.3-6, Ledoux and Walraven [1] point out that there
is only a small number of models which admit analytical solutions in
the form of polynomials. Of these Stern [7] has investigated the
homogeneous, inverse square and Roche models, and Prasad [9] the point
mass model with a homogeneous envelope and later, in a second paper
2[10], a model with a density distribution given byp = p (1-x ). Atc
the same time Ledoux and Walraven [1] have also surveyed the results 
of other investigations concerned with the solution of 1.3-5 when the 
density distribution of the models is such that a solution cannot be 
expressed in the form of polynomials.
Rosseland [3] in Chpt.III has mentioned the significance of the 
physical factors of mass concentration and ratio of the specific heats 
in relation to the pulsation problem. In discussing the solutions of 
1.3-5 for given stellar models he has included the work of Sterne [7], 
as mentioned above, and in particular made reference to the polytropic 
models which include the standard model. Schwarzschild [11] solved
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1.3-5 for the standard model, accurately deriving the fundamental 
mode and the first four overtones. Here, as in most cases of physical 
interest, numerical integration had to be used to obtain satisfactory 
solutions of the equation for radial oscillations.
More recently, Gurm [4], basing his computations on an exact 
stellar model of ten solar masses (§1.2)^ derived by numerical inte­
gration the first four modes of oscillation for an early main-sequence 
star. The case for massive stars will be considered in section II 
of this thesis. Ledoux [12], [13] and Van der Borght [14] have 
investigated the asymptotic behaviour of the adiabatic radial oscilla­
tions of certain stars.
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§1.4 CHARACTERISTIC FREQUENCIES ANV RELATIVE AMPLITUDES,
We have derived hero the relative amplitudes r^ and p^ for 
the Kushwaha stellar model of a star of ten solar masses in the 
initial main-sequence state using the values of x, q, log p and 
log p, tabulated by Schwarzschild [15].
T»The system of equations 1.3-1, 1.3-2 with x = — were solved 
numerically by using a method developed by R.Van der Borght [14] in 
his study of "The Overtone Pulsations of Massive Stars". An outline 
of his method is given here as it has been necessarily adapted in this 
instance to cater for the K(10) model.
As singularities exist at the centre, x = 0, and at the surface 
of the star x = 1, it is necessary to introduce series expansions which 
must satisfy the boundary conditions 1.3-6 at these points. For a 
particular value of the eigenvalue uusolutions were started from the 
centre x = 0°00 and taken as far as x = 0°02 by using the following 
series expansions
rl = rlc • r12h ’
P1 = plc + p12h‘
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where:
rlc = + l ’ 0 '
-3 rlc^
2 r 12ttGp R 0 2„ !c 3(i) M v
3p “ 'Plc +(4 + ,.__ ^3 )i'rlc 54iTp R
-P- J
5y
the subscript c denoting the value at the centre. The boundary 
condition 6r = 0 at r = 0 is satisfied by taking r^ = 1 at the centre. 
Solutions were continued in the range x = 0-02 to x = 0*98 by numerical 
integration of the equations 1.3-1 and 1.3-2. The series expansions 
below were then used to take the solutions to x = 1*00, bearing in 
mind that the boundary condition 6p = 0 must be satisfied at the surface.
Near the surface a suitable expansion for , Van der Borght and
Meggitt [16]j written in our notation ic
p _ 4Rx 
p GM(l-x) '
Substituting this into 1.3-2 and at the same time putting y = 1 - x in 
both 1.3-1 and 1.3-2 gives, respectively
dri pi-(l-y)-r- = - 3 r , ----  1.4-1





4 4,. 2,, ,3,—  p, v —(4-:-w (1-v) ) r. . y *1 y ---—  1





rl = riR + ru y + r12 y + r13 y + r14 y
9 3 4
pl = P1R 1 plly ' P12 y ■' P13 y + P14 y
piR = -(4+«“)r1R , 
a = L3 - i(4+M2)],Y
b = |tl2u>2 - 4(4+u2)a],
C = (2a + — - b),
d = ±[6 - 4(4+a)2 )c + 12(/(a-l)],
, 5 1 ,,e = (^c + x-d),3 3y
= y[2d - 4(4-:-m2)e + 12oj2(c-a) + 4to2]f
g = = f 3 1 v(2 C ■' ^ ’
-ksf - 4(4+co2 )g 12u2(e-c) + 4 w a ] ,o
11 = ariR > r!2 = c riR’ r !3 = e rlR5 r!4 = « riR’
P11 = briR ’ P12 = drlR’ P13 = fPlR ’ P14 = h riR
the subscript R denoting the value -at the surface.
It should be noted, at least from the series expansion at the surface, 
that the values of r^ and near the surface are very sensitive to small 
changes in Van der Borgst's method makes use of the limit,
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lim {p + (4+w )r } = 0, (q -*■ 1 when x 1), 
x-KL 1
dpiwhich follows as a requirement that must remain finite near the
surface, as an interpolation factor to determine better estimates "or 
a particular <u after each integration. Integrations were carried 
out in this manner by an iterative procedure until the exact eigen­
value for the particular mode was determined. The eigenfunctions 
automatically followed by a print out of the step by step integration. 
After any one eigenvalue u>. had been obtained, the method made use of 
a result by LedouX [12] to determine the approximate value of 
to restart the integrations for the next higher mode. All calculations 
were programmed in Fortran, with a 4 ^  order Runge-Kutta method being 
used to carry out the numerical integrations.
The values of the first six eigenvalues to, are given in Table 1-1d\





NOM-LINEAR RADIAL OSCULATIONS OF THE K(10) HOVEL 
$2.1 INTRODUCTION
The theory of anharmonic radial pulsations was developed by 
Rosseland (refer [3]) and applied by him to the homogeneous 
model. Subsequently this theory, limited to the second order 
terms in the equation of motion, has been applied to a variety of 
stellar models, namely:
Standard model, Schwarzgqhild and Savedoff [18] by numerical 
integration,
Standard model, Prasad [19],[20] by the use of Fourier 
series,
Several stellar models, including Roche’s and the standard 
model, Sen [17],
K(l0) model, Gurm [5]
and two further models considered by Prasad [21] - the homogeneous 
model and the model in which the density varies inversely as the 
square of the distance from the centre.
In this chapter we have obtained the third order approxi­
mation to the equation of motion and calculated the coefficients 
of the resulting differential equations when the first six modes 
of oscillation are considered. It is found that, for the higher 
modes, these coefficients are large. The numerical methods used 
in the simultaneous solution of these equations are also outlined.
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§ 2.2 LQUAT10N OF MOTION.
The equation of motion for radial adiabatic oscillations aan 
be written [1]
r =
where the subscript zero denotes the equilibrium values.
The full derivation of this exact equation has been considered in 
§4.3 where the problem is discussed under more general conditions, 
with radiation pressure being taken into account. The equation 
2.2-1 above is simply a special case of 4.3-5 when*, the radiation 
pressure does not contribute to the total pressure which is due to 
the gas alone. Under these circumstances r # its significance being 
explained later, is a constant such that
1 T 3
giving the well known adiabatic form (c.f. 4.3-4 S 5.3-4)
2 „ r 3
GM
p r 3r o o o O r  /3r ) o
2.2-1
E- = (£-f .
po V 2. 2-2
Using the substitution
r = rQ(l + £) , £(rQ ,t)
to develop a series expansion for the displacement, the previous 
equation can be written
P r j  = - (1 + S )2 {p (1 + O  2 y (l + € + r0S f ) o o dr o oo
- g p  (1 + O  o o
-2 2.2-3
where the ’ prime denotes differentiation with respect to r .
is
If in the expansions in this equation we neglect fourth and 
higher powers of £ we obtain
pQr o£ = LU) + QU) + C U )  2.2-4
where
LU) = P0r0YC" + (4po- rQgoPo)yCf + gQPQ(4 “ 3y)£, 
Q(£) = DC2 + + FCC” +G£»2 +
g p
with D = -2-2. (9y - 9y - 4)
E = (4po - rogoPo)Y(l - 3v)
F = p r y ( l - 3 y )  ro o
G = “r i goporo(Y + 1 } ' 4po(2y +1}]
and
with
H = “Poro y(y +
cu> = ic3+ j s V +  k c c,2+ lzW' + meV +  n £’3+ ov2V'
I
g^P _ r\ 2
= 9y^ + 8 - 9y - 2y)
1<4V  rogopo)y2(3Y - X)
= r y o
gopo6pQy(2y + 1 ) -- ~ ^ y  + l)(y + 2rQy - 2rQ+ 2)1
3p r 2y2(y + 1) *o o
fporoY2(3Y • 11
r y(y + 1) o
gopo2po(Y + 1) - — g- ro(Y + 2)
P r o o ■y( y + l)(y + 2)
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We now try a solution of the form
€ = 1 ni(r0)qi(t)
i=l
2.2-5
where the are the eigenfunctions of the linear problem de­
termined in chapter 1 and the q. are functions of the time still 
to be determined. The belong to a set of orthogonal functions 
such that
p r n-n-dr =< o o 1 i o \
if i * j
4p r n* dr o o l o
2,2-6
if i = j*
On substituting 2.2-5 into 2.2-4, and keeping in »mind that 
p GMr
l l . n __
i|YP,
K , [a.2 (3 - -) GMr ‘I
n. + n! (—  + —  — r—  ) + n.'------------— —  pi i\r p r 2 / l p 2? p 2 oo ^ o o  1 *o o*o rL O J
= 0
(i = 1,2,... 6), 2.2-7
we obtain 
6 6 6 
j
+ EniHj t FninV + + Hn[n"
poro .['iH = - poro + 1, Dninj1—1 1—1 1=1 1—1
+ ih j l W *  j?Vj\ +
+ + L ^ n ! ^  + M n ^ n J
+ Nri[ntn’£ + °nlri j 2 . 2-8
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If we multiply equation 2.2-8 successively by
r n» (r )dr o k o o (k = 1,2,...,6)
and integrate over the whole vol me of the star we obtain, after 
taking into account the orthogonality conditions 2.2-6, the following 
system of six differential equations
* - - (aki/oi2)qk + i.Aij>kqiqj+ . i . Aij^kqiqjqji
1,3
(k = 1,2,...,6) 2.2-9
where the transformation
t = a^t has been made, and




4 2 ,px nk dx
A.. =13 ,k
6GM qpxn.n .n,dx 1 1 K
20
3









px (njnV + hjnV)nkdx>I i
(1+5.1)I.) 3 k
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öj b e in g  th e  K ronecker d e l t a ,  and
Aij £ , k  = 36
GM—  qpV j  V k dx
100 f j4px -  f  qp .x2 j Cn.n.nJ] 
0 1 ; 13 i  J \ dx
200
130px2 -  ^  %  q p ( l l  + 4Rx) 1 xx ( [n .n !n  
J FT I l i j t  1 3
0 px l i j £[n^ n?] + i j t tnj ni nS] K dx
+  ^ l o P x 4U CT,^ n ’i 3) V x
t  H  J jl6px -  ^  I 1 qp] x \ ' n ; n ’nkdx
440 r l  ß / Cpx Cn’ nVJ 3|n, dx > ------:------r—-
U j £ xi< ' k { (l+6|3+4^Sx)Ik
where by we mean a c y c l ic  p e rm u ta tio n  o f  i , j , £ ,
i j £
e .g . Cni nj n£3 = ni nj n" + + n£ni nj  .
P  V x
2 2
§2 .3  CALCULATION OF THE COE FF I CI E NT S.
Using the values of and n^, tabulated in Table l-II, and the
values of nV obtained from the formula
where
: An+ H
JL + LSIx 2 p R
. L-P.2In J_B “ 3 p R q ~ 3 x yx
. ^ 2 x 1 p GM4 + a» —  }--q,q I p R *
together with the values of q, p and g for the K(10) model as 
given by Schwarzschild [15] , we have calculated by numerical
These are
tabulated in Table 2-1, the first diagonal entries being the 
successive ratios ^
- -=*■ (i = 1,2,...,6).
integration values of the coefficients A.. , and A..I] f K X3 & f K •
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§2.4 s c u m o f j  OF THE m m m T T A L  EQUATIONS G O m i j j m  TUB 
O S C l L L A T l O f J S .
The system  o f  s ix  second o rd e r  d i f f e r e n t i a l  e q u a tio n s  2 .2 -9  has 
been so lv ed  s im u lta n e o u sly  by n u m e rica l in t e g r a t i o n  f o r  th e  
i n i t i a l  c o n d itio n s
q1(0 ) = 0«06 , < ^ (0 ) -  ° 9  (n = 1 , 2 , .  . . , 6 )
th e  v a lu e s  o f  q^CO), (n = 2 , 3 , . . . , 6 )  b e in g  chosen in  such a way 
-  a s  in d ic a te d  below -  th a t
qn (x) , (n = 2 , . . . , 6 )  
a re  p e r io d ic  w ith  th e  same p e r io d  a s  q ^ ( x ) .
In  th e  fo llo w in g , a b r i e f  o u t l in e  i s  g iv en  o f  th e  n u m erica l 
p ro ced u re s  t h a t  were n e c e ssa ry  f o r  th e  s o lu t io n  o f  th e  above 
system  o f  e q u a t io n s .  Each second o rd e r  e q u a tio n  was reduced  to  
two f i r s t  o rd e r  e q u a tio n s  ta k in g  th e  form 
dqk a^2
—  = * lAi j  . k ^ j  + Ai j t , k W f
O - L  13 1 3 * 2 . 4 -
(k  = 1 , 2 , . . . , 6 )
and th e  fo llo w in g  n o ta t io n  was adopted  to  e x p re ss  th e  q f s and 
t h e i r  d e r iv a t iv e s  in  te rm s o f  s u b s c r ip te d  v a r ia b le s :
24
^  = Y(2n)
= Y(2n + 1 )  , (n = 1,2,...,6),
t = Y(l) .
Using a fourth order Runge-Kutta method with a step length of 
0*05, the integrations were first started with the initial values 
given in this notation
Y(1) = 0-0 , Y(3) = + 0*06
Y(2n) = 0*0 , Y(2n + 1) = PYIN(2n + 1) , (n = 2,...,6)
[Read P = previous, YIN = initial values of y, R = ratio, notation 
as used in the Fortran Program] . The initial displacements 
PYIN(2n + 1), of the second and higher modes were chosen rather 
arbitrarily,but generally of order one less than Y(3) the initial 
displacement of the first mode* Throughout the integrations a 
check was kept on the sign of Y(2), the derivative of the first 
mode, and the sign of Y(3), the displacement of the first mode.
In this way the period of the first mode was calculated, a smaller 
step length for Y(l) > 6*25 being introduced to locate the value 
to a greater degree of accuracy. At this point the values of 
PY(2n + 1) = Y(2n + 1 )  , (n = 2,3,.ff,6)
for Y(1) = period of the first mode,
were established and the ratios
PRY(2n + 1) PYIN(2n + 1) PY( 2n V  1) (n = 2,3,...,6)
that is
(initial displacement of a particular mode) 
(displacement .of the same mode at the value 
of Y(l) corresponding to the period of the 
first mode)
which should of course be equal to one for the final solution. 
Integrations were started afresh a second time with another set 
of initial displacements for the second and higher modes.
Y(1) = 0*0 Y(3) = + 0*06
Y(2n) = 0-0 , Y(2n + 1) = YIN(2n + 1) , (n = 2,3,...,6) 
and by the same procedure the ratios
RY(2n + 1) YIN(2n + 1) Y(2n + 1) ’ (n — 2,3 ,...,6)
were established.
These values were then used in the following interpolation formula
PR0BY(2n+l) = YIN(2n+l) + LI - RY(2n+J)l CYIN(2n+l) - PYIN(2n+l)3' RY(2n+l) - PRY(2n+l)
to calculate, as part of an iterative procedure, a better estimate of 
Y(2n + 1) = PR0BY(2n + 1) , (n = 2,3,... ,6)
[PROB = probable value of Y(2n + 1)]
to restart the next integration.' The geometric significance 









It was found that after entering the two sets of initial values 
the procedure could be made ‘completely automatic and the numeri­
cal solutions corresponding to 
YIN(2n + 1)RY(2n + 1) Y(2n + 1) = 1 (n = 1,2,...,6)
I Y(l) = period of first mode
could be readily established, in this manner, for all modes.
The numerical values adopted for q^CO), (n = 1,2,...,6), to ensure 
periodicity when the first four, five and six modes are taken into 
account, are listed in Table 2-II.
A factor apparent from table 2-1I, listing the values of q^O) 
as determined above, and which no doubt assisted in the simultan­
eous solution of the differential equations, 2.2-9 is the relative 
independence of these values q^CO) when additional higher modes 
are taken into account.
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C H A P T E R  3
R A V  J A L  V E L O C I T Y  C U R V E S
§3.? R A V  J A L  V E L O C I T Y  C U R V E S , R ~ 1 *
Since the n^» determined in Chapter 1, have been 
normalized to one at the surface of the star, the radial 
velocity is given by
6 .
q(x) = E q ( t ) . 3.1-1
i =1 i
The radial velocity curves so derived when the first four, 
five and six modes are taken separately into account are given 
in figure 3-1, and the corresponding numerical values are 
recorded in table 3-1. The values of t in each case range 
from 0.00 to 6.30 which means a lengthening of the period in 
the non-linear case by a factor 6.30/6.28. In figure 3-II 
the first of these radial velocity curves is compared with the 
observed radial velocities for 6 Cephei given by Shane 
[22] .
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§ 3.2 D I S C U S S I O N  OF R E S U L T S ,  R = 1 '
The results of this investigation show that:
(i) The skewness of the radial velocity curve is 
increased by the inclusion of the third-order terms in the 
equation of motion. The value of the skewness ratio K , 
which is the ratio of the rise of the radial velocity from 
minimum to maximum to the total period, when the first four 
modes are taken into account is 0.254, as compared to the 
value of 0.268 derived by Gurm [5] who neglected third and 
higher order terms.
(ii) The central portion of the radial velocity curve 
determined for the first four modes is flattened by the 
inclusion of the third-order terms and approximates more 
closely the observed one.
(iii) As seen from figure 3-1 the inclusion of higher 
modes such as the fifth and sixth, together with the third 
order terms, changes appreciably the shape of the radial 
velocity curve. In these two cases a decrease in the skewness 
ratio of the radial velocity curve is accompanied by the 
appearance of subsidiary maxima and minima on its central 
portion. It appears therefore that the inclusion of higher 
modes will not improve the agreement between the theoretical 
and observed radial velocity curves for 6 Cephei.
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H o w e v e r ,  t h e  s i g n i f i c a n c e  o f  t h e  s h a p e  o f  t h e  r a d i a l  
v e l o c i t y  c u r v e s  e s t a b l i s h e d  i n  t h e s e  two c a s e s ,  s h o u l d  n o t  
b e  c o m p l e t e l y  d i s r e g a r d e d  a s  t h e r e  a r e  C e p h e i d s  o b s e r v e d  
w h i c h  e x h i b i t  t h i s  t y p e  o f  r a d i a l  v e l o c i t y  c u r v e ,  b u t  a s  i n  
t h e  c a s e  o f  6 C e p h e i  t h e  d i s c r e p a n c y  b e t w e e n  t h e  o b s e r v e d  
a n d  t h e o r e t i c a l  p e r i o d s  h a s  n o t  b e e n  a c c o u n t e d  f o r .  F u r t h e r ,  
t h e  q u e s t i o n  o f  w h a t  p r o p e r t i e s  o f  t h e  s t a r  d e t e r m i n e  " h u m p s ” 
o n  t h e  r a d i a l  v e l o c i t y  c u r v e  was r a i s e d  by  R o s s e l a n d  [ 3 ] .
On t h e  b a s i s  o f  o u r  r e s u l t s  i t  w o u l d  a p p e a r  t h a t  h i g h e r  mode s  
o f  o s c i l l a t i o n  a r e  t h e  m a i n  c o n t r i b u t i n g  f a c t o r .
V a l u e s  o f  t h e  s k e w n e s s  r a t i o  K, d e t e r m i n e d  f o r  o t h e r  
s t a r s ,  a r e  g i v e n  b e l o w :
S t a r  K
S t a n d a r d  m o d e l  [ 1 9 ] 0 . 3 0 7
S t a n d a r d  m o d e l  [ 1 8 ] 0 . 4
n A q u i l a e  [ 1 8 ] 0 . 2 4
6 C e p h e i  [ 1 8 ] 0 . 2 0
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§3.3 T H E  S K E f ' J H E S S  OF T H E  RAP 7 At. V E L O C T T V  C U R V E  -  A S U R F A C E
E F F E C T ,  W  <
T h e  r a d i a l  v e l o c i t y  i n t e r i o r  t o  t h e  s t e l l a r  s u r f a c e  a t  
r*x = — i s  g i v e n  byK
q ( t ) = l  n ^ ( x ) q ^ ( x )  , 3 . 3 - 1
i
w h e r e  t h e  n ^ ( x )  a r e  g i v e n  by  t a b l e  l - I I ,  a n d  t h e  q ^ ( i ) ,  
whe n  t h e  t h i r d  o r d e r  t e r m s  a r e  i n c l u d e d  i n  t h e  e q u a t i o n  o f  
m o t i o n  b y  t a b l e  3 - 1 .  U s i n g  3 . 3 - 1  t h e  r a d i a l  v e l o c i t y  c u r v e s  
f o r  v a l u e s  o f  x i n  t h e  r a n g e  0 . 7 0  £ x <; 1 . 0 0 ,  i n  s t e p s  o f
x = 0 . 1 0 ,  h a v e  b e e n  c a l c u l a t e d  f o r  f o u r ,  f i v e  a n d  s i x  mo d e s  
a n d  t h e s e  r e s u l t s  a r e  g i v e n  g r a p h i c a l l y  by  F i g u r e s 3 - I I I  -  3 - V.  
T a k e n  i n  s e q u e n c e  t h e  i n d i v i d u a l  c u r v e s  i n  t h e s e  f i g u r e s  
i l l u s t r a t e  t h e  c h a n g e  i n  t h e  s h a p e  a n d  s k e w n e s s  o f  t h e  
r a d i a l  v e l o c i t y  c u r v e  a s  we p r o g r e s s  i n w a r d s  f r o m  t h e  s t e l l a r  
s u r f a c e .  C o r r e s p o n d i n g  v a l u e s  o f  t h e  s k e w n e s s  r a t i o  K a r e  
t a b u l a t e d  i n  t a b l e  3 - I I  f o r  a p e r f e c t l y  s y m m e t r i c a l  c u r v e  
K = 0 . 5 0 .  F r o m t h e s e  r e s u l t s  we n o t e  t h a t ,  a s  x d e c r e a s e s  
f r o m  1 ,  t h e  s u b s i d i a r y  ma x i ma  a n d  m i n i m a  p r e s e n t  a t  t h e  
s u r f a c e  f o r  f i v e  a n d  s i x  mo d e s  q u i c k l y  d i s a p p e a r  a n d  t h e  
r a d i a l  v e l o c i t y  c u r v e s  r a p i d l y  a t t a i n  a s y m m e t r i c  f o r m  -  a n d  
h e n c e  t h e y  c a n  be j u s t i f i e d  a s  s u r f a c e  e f f e c t s .
Th e  e x t e n t  t o  w h i c h  t h e  n o n - l i n e a r  t e r m s  c o n t r i b u t e  t o  
t h e  s k e w n e s s  i n  t h e  o u t e r  r e g i o n s  c a n  b e s t  be  j u d g e d  by
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noting the deviation of the calculated radial velocity curves 
from the sine curve which would be predicted by the linear 
theory.
Although it was concluded earlier that the higher
modes (>4) did not improve the skewness of the radial
velocity curve at the surface of the star, it clearly emerges
from our calculations (cf. Tables I-II ' and 3-1) that these
modes only make a significant contribution to the radial
velocity curve near the surface. It has been considered
relevant to record in figure 3-VI the contribution,
n (x)q (t ), made by the individual fifth and sixth modes to n n^
the radial velocity at various points within the star..
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TABLE 1 - 1
C h a r a c t e r i s t i c  f r e q u e n c i e s  f o r  t h e  f i r s t  s i x  mo d e s  o f
o s c i l l a t i o n .




1 2 . 8 8 3 2 4 6 . 5 1 8 4
2 4 . 0 1 4 5 5 7 . 7 8 0 4
3 5 . 2 6 5 0 6 9 . 0 6 3 6
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T A T3 T, i: 1 -  I I
K ( 1 . 0 )  M o d e l
Relative amplitudes and their derivative for the first six modes of oscillation
X V i V i P 2 V * V 3 Vs
0-00 0 - 1 0 2 4 0 - 0 0 0 — 0 - 0 2 0 0 0 - 0 0 0 0 - 0 0 7 6 0 - 0 0 0
0  0 2 0 - 1 0 2 5 0 - 0 0 5 — 0 - 0 2 0 0 0 - 0 0 0 0 - 0 0 7 6 0 - 0 0 0
0 - 0 4 0 - I 0 2 () 0 - 0 1 7 — 0 - 0 2 0 1 — 0 - 0 0 2 0 - 0 0 7 6 0 - 0 0 0
0 0 6 0 - 1 0 3 3 0 - 0 2  I — 0 - 0 2 0 1 -  0 - 0 0 2 0 - 0 0 7 6 0 - 0 0 0
0 0 8
cc0b 0 - 0 2 5 — 0 - 0 2 0 2 — 0 - 0 0 2 O O O 7 6 0 - 0 0 0
O l O 0 - 1 0 4 3 0 - 0 2 9 — 0 - 0 2 0 2 — 0 - 0 0 3 0 - 0 0 7 6 0 - 0 0 0
0 - 1 2 0 - 1 0 5 0 0 - 0 3 5 — 0 - 0 2 0 3 — 0 - 0 0 3 0 - 0 0 7 6 0 - 0 0 0
o - i 4 0 - 1 0 5 7 0 - 0 4 1 — 0 - 0 2 0 4 — 0 - 0 0 4 0 - 0 0 7 6 0 - 0 0 0
o - i 6 0  • 1 0 6 6 0 - 0 4 8 — 0 - 0 2 0 5 — 0 - 0 0 4 O O O 7 6 0 - 0 0 0
o - i S 0 - 1 0 7 7 0 - 0 5 6 — O - 0 2 0 6 - 0 - 0 0 5 O O O 7 6 — 0 - 0 0 1
0 2 0 0 - 1 0 8 9 0 - 0 6 4 — 0 - 0 2 0 7 - 0 - 0 0 5 0 - 0 0 7 5 — 0 - 0 0 1
0 - 2 2 0 - 1 1 0 3 0 - 0 7 3 — O - 0 2 0 8 — 0 - 0 0 6 0 - 0 0 7 5 — 0 - 0 0 2
0 - 2 4 O - 1  I 1 8 0 - 0 8 3 — 0 - 0 2 0 9 — 0 - 0 0 6 0 - 0 0 7 4 — 0 - 0 0 2
0 - 2 6 0 - 1 1 3 6 0 - 0 9 4 — 0 - 0 2 1  I — 0 - 0 0 6 0 - 0 0 7 4 — 0 - 0 0 3
0 - 2 8 0 - 1 1 5 6 0 - 1 0 7 — 0 - 0 2 1 2 -  0 - 0 0 6 0 - 0 0 7 3 - 0 - 0 0 5
0 - 3 0 0 - 1 1 7 9 0  - 1 2 1 — 0 - 0 2 1 3 — 0 - 0 0 ( 3 0 - 0 0 7 2 — 0 - 0 0 6
0 - 3 2 0 - 1 2 0 5 0 - 1 3 7 — 0 - 0 2 1 4 — 0 - 0 0 5 0 - 0 0 7 0 — 0 - 0 0 8
0 - 3 4 0 - 1 2 3 4 0 - 1 5 5 — O O 2 1 5 — 0  - 0 0 4 0 - 0 0 6 8 — 0 - 0 1 0
0 - 3 6 0 - 1 2 6 7 0 1 7 4 — 0 - 0 2 16 — 0 - 0 0 2 0 0 0 6 6 - 0 - 0 1 3
0 - 3 8 0 1 3 0 4 0 - 1 9 6 — O - 0 2 1 6 o - o o o 0 - 0 0 6 3 — 0 - 0 1 7
0 - 4 0 0 - 1 3 4 6 0 - 2 1 9 — 0 - 0 2 1 6 0 - 0 0 3 0 - 0 0 5 9 — 0 - 0 2 2
0 4 2 0 - 1 3 9 2 0 - 2 4 5 — 0 - 0 2 1 5 0 - 0 0 8 0 - 0 0 5 4 — 0 - 0 2 7
0 - 4 4 0 - 1 4 4 4 0 - 2 7 4 0 - 0 2 1 2 0 - 0 1 5 0 - 0 0 4 8 - 0 - 0 3 3
0 4 6 o - 1 5 0 2 0 - 3 0 5 — O - 0 2 0 8 0 - 0 2 4 0 - 0 0 4 0 — 0 - 0 4 0
0 - 4 8 O '  1 5 6 7 0 - 3 4 0 — 0 - 0 2 0 2 0 - 0 3 5 0 - 0 0 3 1 — 0 - 0 4 9
0 - 5 0 0 - 1 6 3 9 0 - 3 7 8 — 0 - 0 1 9 4 0 - 0 4 9 0 - 0 0 2 0 - 0 - 0 5 9
0 - 5 2 0 1 7 1 9 0 - 4 2 0 — 0 - 0 l 8 2 0 - 0 6 7 0 - 0 0 0 8 — 0 - 0 6 9
0 ' 5 4 0 - 1 8 0 7 0 - 4 6 6 —  0 - 0 l 6 7 0 - 0 8 9 — 0 - 0 0 0 7 — 0 - 0 8 1
0 - 5 6 o  - 1 9 0 6 0 - 5 1 7 —  0 - 0 1 4 6 0 - 1 1 7 — 0 - 0 0 2 4 —  0 - 0 9 4
0 - 5 8 0  2 0 1 5 0 - 5 7 2 — o - o i 1 9 0 1 5 1 — 0 - 0 0 4 4 —  0 - 1 0 7
o - 6 o 0 2 1 3 5 0 - 6 3 3 —  0 - 0 0 8 5 0 - 1 9 3 — 0 - 0 0 6 7 — o - i 1 9
0 6 2 0 2 2 6 9 0 - 7 0 0 —  0 - 0 0 4 I 0 - 2 4 4 —  0 - 0 0 9 2 - 0 - 1 3 1
0 - 6 4 0 - 2 4 1 6 0 - 7 7 4 0 - 0 0 1 3 0 - 3 0 7 — o - o i  1 9 - 0 - 1 3 9
0 6 6 0 - 2 5 7 9 0 - 8 5 5 0 - 0 0 8 2 0 - 3 8 2 —  0 - 0 1 4 8 —  0 - 1 4 2
o - 6 8 0 - 2 7 5 9 0 - 9 4 3 0 - 0 1 6 7 o - 4 7 3 —  0 - 0 1 7 6 - 0 - 1 3 7
0 - 7 0 0 2 9 5 7 i  - 0 4 1 0 - 0 2 7 3 0 - 5 8 3 —  0 - 0 2 0 2 —  0 - 1 1 9
0 - 7 2 0 - 3 1 7 6 1 - 1 4 8 0 - 0 4 0 2 0 - 7 1 5 — 0 - 0 2 2 3 — 0 - 0 8 4
0 - 7 4 0 - 3 4 1 7 1 - 2 6 5 0 - 0 5 6 1 0 - 8 7 3 - 0 - 0 2 3 4 — 0 - 0 2 3
0 - 7 6 0 - 3 6 8 3 1 - 3 9 5 0 - 0 7 5 4 i  - 0 6 3 — 0 - 0 2 2 9 0 - 0 7 3
0 - 7 8 0 - 3 9 7 6 1 - 5 3 7 0 - 0 9 8 8 i  - 2 8 8 — 0 - 0 2 0 1 0 - 2  1 8
o - 8 o 0 - 4 2 9 9 i  - 6 9 3 0 - 1 2 7 2 1 - 5 5 7 — o - o i  3 8 0 4 2 9
0 - 8 2 0 - 4 6 5 4 i - 8 6 4 0 1 6 1 5 1 - 8 7 7 — 0 - 0 0 2 3 0 - 7 2 9
0 8 4 0 - 5 0 4 6 2 - 0 5 3 0 - 2 0 2 7 2 - 2 5 7 0 - 0 1 6 1 1 - 1 4 8
o-86 0-5477 2 - 2 6 2 0 - 2 5 2 2 2 - 7 0 9 0 - 0 4 4 6 1 - 7 2 4
o-88 0-5952 2 - 4 9 1 0 - 3 1 1 6 3-245 0 - 0 8 6 5 2 - 5 0 6
O Q O 0 - 6 4 7 5 2-743 0 - 3 8 2 7 3-88o 0  • 14 6 6 3 - 5 5 7
O Q 2 0 - 7 0 5 1 3 - 0 2 1 0  - 4 6 7 6 4 - 6 3 0 0 - 2 3 1 1 4 - 9 5 7
0 9 4 0 - 7 6 8 6 3 - 3 2 8 0 - 5 6 8 9 5-5i8 0 - 3 4 7 9 6 - 8 0 9
0 9 6 0 - 8 3 8 6 3-^73 0 6 8 9 5 6-563 0 - 5 0 7 3 9 - 2 1 1
0 9 8 0 - 9 1 6 2 4- I I3 0 - 8 3 2 7 7-707 0 - 7 1 9 9 n -7 7 7
1 00 1 - o o o o 4-387 i 0000 9 - 0 6 9 I  -oooo 1 6 - 0 3 2
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T A. B Li.; 1 -  I I  ( c o n t i n a  e d )
X V i V i V i V i ' V « V *
o o o — 0-0041 0 0 0 0 0-0027 0-000 — 0-0020 0-000
0 0 2 — 0-0041 0-000 00027 o o o o — 0-0020 o o o o
o-o4 — 0-0041 0 0 0 0 00027 0-000 — 0-0020 0-000
o-o6 — 0-0041 0-000 00027 0-000 — 0-0020 0-000
o-o8 — 0-0041 0-000 0-0027 — 0-001 — 0-0019 0 - 0 0  I
o- IO — 0-0040 0001 0-0026 — 0-001 — 0-0019 0 - 0 0  I
0 1 2 — 0-0040 0 - 0 0  I 0-0026 — 0 - 0 0  I -0 -0 0 1 9 0-002
o -i4 — 0-0040 0-001 0 -0026 — 0 002 — o-oo 18 0-002
0 1 6 — 0-0040 0 002 0-0025 — 0 002 — o-oo 18 0-003
o-i8 — 0-0039 0-002 00025 — 0003 — 0-0017 0-003
0-20 — 0-0038 0-003 0-0024 — 0-004 — o-oo 16 0-004
0-22 — 0-0038 0-004 0-0023 — 0 0 0 4 — 0-0015 0-005
O24 — 0-0037 0-004 0-0022 - 0 0 0 5 — 0-0014 0-006
0 2 6 — 0-0036 0-005 0-0021 — 0 0 0 6 — 0-0013 0-006
0-28 -0 -0034 0-007 o -oo 19 — 000 7 — 0 - 0 0 1  I 0-007
0-30 -0 -0033 0-008 o-oo 18 — 0-009 — 0-00 10 0-009
O32 — 0-0031 0 0 1 0 00016 — 0-010 — 0-0008 0-010
0 - 3 4 — 0-0029 0-012 0-0013 — 0-012 — 0-0005 O "O I I
0 3 6 — 0-0026 0015 0  - 0 0 1 I -  0 0 1 4 — 0-0003 0-012
0 3 8 — 0-0022 0 0 1 8 00008 — 0 0 1 6 — 0-0001 0013
0 4 0 — o-oo 18 0-021 0-0004 — 0-018 0 - 0 0 0  I 0-013
0 4 2 — 0-0014 0-024 0-0000 — 0 0 1 9 0-0004 0-013
0 4 4 — 0 -0009 0-028 — 00003 — 0-021 0-0007 0-013
0-46 — 0-0002 0-032 — 0-0007 — 0 022 00009 0-012
0 4 8 0-0004 0-036 — 0 0012 — 0-022 0 - 0 0 1  I 0-009
0 5 0 0 - 0 0 1 I 0-040 — 00016 — 0 021 0-0013 0-005
0-52 0 0020 0-043 — 0-0020 — 001 9 00014 0-000
o - 5 4 0-0028 0-044 — 0-0024 — 001 4 00013 -0 -0 05
0-56 0-0037 0-044 — 0-0026 — 0-007 0 - 0 0  I 1 — 0-013
0-58 O OO46 0-041 — 0-0026 O OO I 0-0008 — 0-021
o-6o 0-0054 0-035 — 0-0025 0013 00003 — 0-030
0-62 O 0060 0-024 — 0-0021 0-028 — 00003 -0 -0 3 7
0-64 0-0063 0-007 — 0-0013 0-045 — 0 - 0 0 1 I — 0-040
0 6 6 0-0063 — 0016 — 00003 0-062 — 0-0019 — 0-038
o-68 0-0056 — 004 8 0 - 0 0 1 I 0-078 — 0-0026 — 0-028
0-70 0-0043 — 0-089 0-0027 0-088 — 0-0030 — 0-008
0-72 0-0020 -0 -1 3 7 0-0045 0-088 — 0-0029 0-022
0-74 -0 -0 0 1 2 — 0-191 00062 0-070 — 0-0020 0-063
0-76 -0 -0 0 5 6 — 02 4 4 0-0072 0-028 -0-0003 0-107
0-78 — 0-0109 — 028 6 0-0071 — 0 0 4 4 0-0021 0-141
o-8o — o-o 168 — 0-298 0-0052 - 0 - 1 5 3 0-0051 0145
0-82 — 0-0224 -0 -2 5 0 00008 — 0-291 0-0075 0-088
0-84 — 0-0261 -0 -0 9 5 — 0-0064 -0 -4 3 2 0-0080 - 0 0 5 9
o-86 — 0-0251 0-237 — 00161 -0 -5 1 4 0-0044 — 0-310
o-88 — 0-0147 0-858 — 0-0258 — 0 -404 — 0-0048 — 0-616
0-90 0-0121 1-925 — 0-0294 0-141 — 0-0192 -0-771
0-92 0-0666 3 66 4 -0-0145 1-552 -0 -0 3 1 4 -0 -2 5 0
0-94 0-1653 6 -400 0-0430 4-536 — 0-0176 2-069
0-96 0-3320 10-492 0 • 1842 10-051 0-0762 8-080
0 9 8 0 - 5 9 3 9 15 -088 0-4641 16916 0-3387 16-831
I -oo I -oooo 24893 I -oooo 35-720 I -oooo 48-689
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T A  . < M .  -  i
!■' ( 1 0 )  M o l e i
Values of the coefficients A (J- k and Ajj/  ^ occurring in the equation of motion
i j / i 2 3 4 5 6
i — I - o o o o
2 - 1 - 9 3 8 8
.3 - 3  3 3 4 7
4 ~  5  • » » 1 5
5 - 7 - 2 8 2 3
6 - 9 - 8 8 2 5
i ) 0 8 4 3 6 5 - 0 8 5 2 2 - 6 1 7 1 -  i  - 6 4 7 1 -  i - 2 5 0 9 - 1 - 5 7 0 8
2 2 0 0 3 0 6 2 - 8 5 7 0 11 - 3 9 4 0 9 - 8 4 5 2 — 2 - 1 6 7 0 — 4 - 1 8 4 1
3 3 0 - 0 2 7 2 o - 8 6 o o 6 - 4 6 8 4 1 9 - 0 4 3 1 2 3 8 0 2 3 8 - 9 6 7 3
4 4 0 - 0 0 6 4 0 2 6 6 5 2 - 6 8 1 1 11 - 7 4 7 2 2 8 - 3 7 1 2 4 2 - 1 8 4 0
5 5 0 - 0 0 2 0 o  - 1 0 6 0 i - 2 7 6 2 6 - 7 4 3 9 2 0 - 7 2 4 6 4 3 - 3 1 0 0
6 6 0 - 0 0 2 2 0 - 0 8 7 9 0 - 9 6 4 2 4 - 9 9 4 2 1 5 - 6 5 4 8 3 4 - 5 2 2 3
i 2 o - 3 3 » ° 8 - 0 3 0 5 1 7 - 6 6 9 3 1 - 8 7 8 5 - 5 -6 i 3 3 — 4 - 7 0 6 6
i 3 o - o  1 0 8 1 - 8 0 7 9 1 7 - 5 4 7 9 2 3 ' 9 9 3 7 - 8 5 - 9 1 6 4 - 7 - 7 7 3 9
i 4 — o - o o S o — 0 - 0 7 1 1 4 - 4 2 2 7 2 8 - 9 0 6 2 2 9 - 8 9 7 3 -  i  - 5 6 6 4
i 5 — 0 - 0 0 4 1 - o - i  1 8 5 - 0 - 5 2 4 8 8 - 0 3 5 8 4 2 - 1 3 4 1 3 8 - 5 1 6 0
i 6 — 0 - 0 0 2 3 — 0 - 0 6 0 8 - 0 - 4 5 0 0 -  i  - i 1 0 5 J 3 - 5 9 5 6 5 8 - 6 9 9 3
2 3 0 0 5 4 3 2 - 3 4 7 8 1 6 - 9 9 5 1 3 6 - 4 9 0 9 1 9 - 6 6 6 0 - 7 - 3 9 7 6
2 4 — 0 - 0 0 6 7 0 - 2 7 9 3 6 - 8 2 5 8 3 1 - 2 1 6 3 4 8 - 9 4 6 7 2 2 - 5 0 9 6
2 5 — 0 - 0 0 6 7
1 0 0 - 5 2 9 7 1 3 - 4 5 6 9 4 7 - 8 7 2 1 6 4 - 9 6 7 9
2 6 - 0 - 0 0 3 5 - 0 - 0 9 5 5 — 0 - 6 4 4 1 1 - 3 2 8 1 2 3 - 4 9 6 7 6 9 - 3 0 9 7
3 4 0 - 0 0 8 4 0 - 6 3 3 7 7 - 0 9 4 2 2 9 - 2 6 5 6 5 8 5 6 1 9 5 9 - 6 0 0 4
3 5 — 0 - 0 0 7 2 — 0 - 0 1 9 8 2 - 1 3 7 0 1 6 - 2 3 2 9 4 9 - 5 9 8 4 8 3 - 0 7 5 3
3 6 — 0 - 0 0 4 7 - 0 - 1 1 2 3 - 0 - 1 3 2 4 5 - 5 5 5 4 3 0 - 6 1 5 6 7 6 - 4 0 4 4
4 5 — 0 - 0 0 0 4 0 - 1 8 1  i 2 - 8 7 4 3 1 5 - 8 8 8 8 4 7 - 0 6 5 9 8 9 5 6 x 1
4 6 - 0 - 0 0 4 3 - 0 - 0 3 2 3 0 - 9 2 5 2 8 - 8 o 8 o 3 3 - 8 4 1 2 7 8 - 6 7 6 7
5 6 0 - 0 0 0 3 0 - 1 0 9 2 i - 7 2 4 6 1 0 - 2 1 3 5 3 3 -9 i 3 o 7 6 - 2 8 3 3
i I 1 0 - 2 7 0 7 — 4 0 2 8 6 - 2 1 - 5 4 4 0 -  1 1 - 0 5 9 0 5 - 2 5 4 6 6 0 2 1 9
2 2 2 0 - 1 7 3 3 — i - 2 2 1 4 — 2 6 - 5 6 6 4 — 7 7 - 4 1 0 6 - 7 6 - 4 5 4 1 — 2 1  - 7 5 6 0
3 3 3 0 - 0 8 7 2 - 0 - 1 1 0 3 — 1 6 - 6 1 5 8 - 9 3  2 7 3 5 — 2 2 3 - 1 0 0 9 -  3 0 5  - 9 4 4 6
4 4 4 0 - 0 5  17 0 - 1 1 1 4 — 1 0 - 4 6 2 8 -  8 0 - 4 7 9 3 — 2 7 2 - 0 7 1 4 - 5 6 5 - 3 3 4 0
5 5 5 - 0 - 0 0 4 5 — 0 - 8 2 6 6 -  1 3 - 6 8 9 3 — 8 5 1 3 5 ' — 2 8 9 - 7 2 7 6 -  6 5 4 - 4 0 4 6
6 6 6 - 0 - 0 6 4 7 — 2 - 0 2 8 6 -  1 9 - 1 4 8 5 - 9 1 - 6 3 7 4 - 2 7 4 - 3 6 2 5 - 5 8 8 - 4 7 0 7
i i 2 0 - 9 9 1 8 - 4 - 5 6 8 3 — 6 9 - 1 9 2 7 — 9 8 - 0 4 9 1 -  1 3 - 1 5 3 0 2 7 - 8 4 3 0
i i 3 0 - 5 3 9 0 3 - 5 2 4 0 - 3 4 - 9 6 6 4 - 1 3 7 - 6 3 4 5 — 1 1 8 - 7 9 0 1 - 7 - 2 4 4 4
i i 4 0 - 2 4 4 7 4 - 4 9 9 4 3 - 0 5 4 0 — 8 6  - 6 4 6 7 - 2 1 0 - 3 6 5 8 -  1 5 1 - 9 8 4 5
t i 5 0 - 0 9 8 9 2 - 6 5 1 5 1 4 - 2 7 0 5 - 6 - 1 7 7 3 — 1 6 1 - 8 6 0 9 - 3 0 5 - 5 1 2 5
i i () 0 - 0 3 8 7 1 - 1 6 2 2 9 - 5 5 6 6 2 4 - 5 0 9 6 - 3 8 - 7 8 7 7 — 2 7 0 - 7 1 9 9
2 2 i 0 - 7 5 9 9 — 2 - 2 2 0 0 — 6 9 - 6 7 2 6 -  1 6 1 - 6 5 9 9 - 9 6 - 6 7 6 5 I 3 - 3 4 9 0
2 2 3 0 - 4 0 5 1 — 0 - 2 5 6 8 - 5 6 - 1 1 4 3 — 2 4 2 - 9 1 6 6 - 3 8 7 - 1 5 0 0 — 2 8 1 - 8 1 0 8
2 2 4 0 - 3 0 5 0 3 - 0 7 0 9 — 1 8 - 3 1 6 6 -  1 7 1 - 1 7 9 7 - 4 4 3 - 1 0 8 3 - 5 5 6 - 0 5 7 6
2 2 5 0  • 1 8 6 6 3 - 5 ^ 7 4 6 - 7 3 2 5 — 7 0 - 2 1 8 7 - 3 4 9 - 2 7 9 4 — 7 0 0 - 9 6 0 1
2 2 6 0 - 0 8 9 9 2 - 2 6 o 6 11  - 7 0 9 0 — 4 - 6 8 1 6 - 1 8 5 - 2 2 5 5 — 6 0 7 - 7 5 6 0
3 3 i 0 - 4 4 4 5 2 - 9 6 5 0 -  2 5 - 9 9 1 9 -  1 6 5 - 5 3 6 6 — 3 3 0 - 9 0 0 1 — 3 0 3  0 8 6 6
3 3 2 0 - 3 2 6 2 o - i  1 6 8 - 4 8 - 2 5 7 8 — 2 5 0 - 9 8 1 3 - 5 2 0 - 4 0 5 0 - 5 7 1 - 1 4 5 7
3 3 4 0 - 2 2 9 3 0 -9 5 4 » — 3 2 - 7 1 6 2 - 2 3 6 2 5 1 1 - 6 9 3 - 6 2 4 9 - 1 1 8 8 - 6 7 8 8
3 3 5 0 - 1 8 4 1 2 - 0 1 9 0 -  1 2 - 5 9 4 6 -  1 5 6 - 3 3 8 8 - 5 9 2 - 4 4 0 6 — 1 2 6 2 - 3 0 8 2
3 3 6 O - I 1 2 0 i  - 7 8 0 6 -  i - 7 9 0 7 - 8 6 2 8 4 6 - 4 2 7 - 4 3 5 9 — i i 1 0 - 3 4 0 8
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FABU;  B ! ( c o n t i n u  e 1 )
j / i 2
k
3 4 5 6
4 4 i 0 - 2 7 0 9 3 4 9 4 0 - 0 - 5 5 8 1 — 8 1 - 8 18 1 - 3 1 4 - 9 4 8 2 — 6 0 8 - 6 7 3 1
4 4 2 0 - 2 2 8 0 I 9 2 1 1 — 1 7 6 9 8 0 -  1 6 5 - 0 7 6 4 - 5 4 0 - 5 8 1 9 — 1 0 1 3  2 6 0 6
4 4 3 0 - 1 9 2 0 0 - 8 4 5 0 — 2 9 •  1 2 6 0 — 2 2 6  2 9 5 4 - 7 3 2 - 8 7 9 3 -  1 4 2 5 - 7 0 6 9
4 4 5 0 - 1 0 5 6 — o - o 6 i 6 2 8 - 2 2 0 0 — 2 1 9 8 2 1 8 - 7 8 6 - 2 4 1 3 -  i 755-3i i o
4 4 (> 0 - 0 4 0 5 — 0 7 2 7 6 -  2 4 7 9 3 0 -  1 8 2 - 9 5 7 6 - 6 7 5 - 6 2 7 3 ~ I 596-5573
5 5 i 0 - 1 5 2 8 2 3 0 3 4 3 - 1 0 9 7 - 4 1  - 2 9 0 3 — 2 2 1 - 2 0 8 2 - 577'5572
5 5 2 0 - 1 2 8 4 1 - 2 8 1 4 - 9 - 2 5 2 2 — 1 0 8 - 9 2 5 1 - 433'6974 -  1 0 2 7 - 6 2 5 5
5 5 3 0 - 0 9 5 4 — 0 - 1 1 3 2 — 2 2 - 2 5 0 2 — 1 7 8 - 8 1 1 0 - 6 5 4 - 1 4 4 5 - 1 5 0 0 - 4 7 7 4
5 5 4 0 - 0 4 8 6 -  1 - 1 3 6 7 - 3 3 - 0 5 0 2 — 2 2 9 - 9 1 6 8 — 8 0 9 - 2 2 8 5 - 1 8 3 7 - 1 1 1 3
5 5 6 — 0 - 0 8 2 4 — 3 - 7 6 0 6 - 4 5 - 7 8 2 5 - 254-6595 — 8 3 0 - 6 0 8 5 -  1 8 5 9 - 2 3 8 2
6 6 i - 0 - 0 5 7 8 0 - 6 2 9 5 - 2 - 9 5 8 2 - 4 1 - 8 5 7 0 - 1 7 8 - 2 4 9 7 — 4 5 4 - 8 6 6 6
6 6 2 0 - 0 2 3 3 - 0 - 5 1 3 8 — 1 4 - 6 1 9 7 — 1 0 0 - 7 2 7 4 - 359-4467 - 8 4 7 - 1 6 5 4
6 6 3 — 0 - 0 2 4 7 — i  - 9 8 1 4 - 2 8 - 5 7 0 4 — 1 6 8 - 5 0 0 1 - 5 6 3 - 5 7 4 0 — 1 2 8 2 - 4 6 2 5
6 6 4 — 0 - 0 8 2 6 — 3'5557 - 4 1 - 7 2 4 3 — 2 2 6 - 7 5 8 8 - 729-4530 — 1 6 2 4 - 6 6 7 2
6 6 5 - 0 - 1 4 3 6 - 5 - 0 3 1 1 - 5 2 0 5 9 1 - 2 6 4 - 7 4 3 9 — 8 2 2 - 2 2 0 0 -  i 797-738r
i 2 3 i  - 0 5 6 8 4 - 8 0 8 1 - 7 8 - 3 6 2 3 - 3 5 1 - 9 1 6 1 - 4 6 3 - 3 2 2 4 — 2 0 6 - 7 1 2 8
i 2 4 0 - 6 0 8 4 8 - 8 2 0 6 - 7 - 3 8 1 7 - 2 2 4 - 3 0 3 8 - 592-9577 - 6 2 7 - 1 3 0 8
i 2 5 0 - 2 9 5 3 6 - 8 4 0 1 2 6 3 9 6 4 - 5 4 - 2 2 8 7 - 445-9403 - 9 0 4 - 7 5 0 5
i 2 6 0  • 1 2 4 9 3 - 5 0 8 9 2 4 - 0 0 8 7 3 4 - 9 0 0 9 -  1 7 7 - 8 3 5 6 - 77I -4515
i 3 4 0 - 6 3 3 3 7 - 7 6 4 7 — 1 0 - 3 4 2 6 — 2 1 8 - 8 1 8 7 - 675-3434 — 9 9 9 - 1 1 1 6
i 3 5 0-3735 7-1333 1 8 - 3 4 6 9 — 8 5  - 0 4 6 2 - 5 0 6 - 5 3 6 0 — 1 1 2 9 - 1 8 2 0
i 3 6 0 - 1 7 7 4 4-3933 2 2 - 5 7 6 7 0 - 8 0 7 0 - 2 7 4 - 9 8 5 6 - 9 3 9 - 6 4 1 8
i 4 5 0 - 3 7 8 7 6 - 1 0 2 2 10-5433 - 9 2 - 3 7 6 7 - 4 9 7 - 0 2 4 3 — 1 2 0 8 - 7 8 4 7
i 4 6 0 - 2 0 4 3 4 - 1 7 6 9 1 4 - 0 2 6 5 - 37-92I 5 - 3 3 8 - 9 7 6 5 — 1 0 1 2 2 6 3 4
i 5 6 0 - 1 8 3 5 2 9 1 1 1 3 - 0 9 2 9 — 6 7 - 7 8 9 2 - 3 6 5 6 8 4 5 -999 7594
2 3 4 0-5449 4 - 0 8 2 1 - 4 7 4 0 2 3 - 3 8 1 - 9 9 0 5 - 1 0 7 9 - 4 6 3 5 — 1 6 6 4 1 6 3 8
2 3 5 0 - 3 9 7 2 5 - 9 9 8 0 - 3 - 2 1 3 7 — 2 0 8 - 0 1 4 5 - 8 7 4 - 7 9 8 4 — 1 8 4 2 - 6 3 2 9
2 3 6 0 - 2 2 0 1 4 - 6 0 8 8 1 3 - 8 6 1 5 - 75-7332 - 5 6 0 - 7 8 5 5 - 1 5 9 4 - 2 1 5 0
2 4 5 0 - 3 4 8 6 4 - 1 7 0 0 — 1 4 - 8 2 2 3 - 2 3 1 - 7 3 3 2 - 9 2 3 - 3 0 8 6 — 2 0 6 8 - 3 8 7 6
2 4 6 0 - 2 0 8 6 3 - 2 7 0 1 - 2 3 0 1 3 -  1 4 0 - 5 6 9 0 - 6 9 0 - 4 5 5 4 — 1 8 0 2 - 3 3 8 2
2 5 6 0 - 1 4 2 2 I - 0 9 1 3 -  1 8 - 3 8 4 1 — 1 8 5 - 2 1 6 1 - 743-5771 - 1 8 3 2 - 5 2 4 8
3 4 5 0 - 2 9 4 0 i - 9 9 7 3 - 3 9 - 3 4 2 4 — 3 6 1  - 8 8 1 6 - 1 3 2 9 - 3 6 0 0 - 2 9 3 5 - 2 9 8 2
3 4 6 0 1 6 8 1 i  2 9 2 1 - 2 5 - 2 5 1 7 — 2 6 0 - 8 9 6 4 — 1 0 6 6  6 2 6 7 — 2 6 1 8 - 9 0 5 2
3 5 6 0 - 0 6 7 6 -  i  4 7 2 1 - 4 4 - 7 5 2 9 — 3 1 9 - 6 3 6 2 — i 1 6 0 - 7 1 9 4 - 2 7 3 3 8 8 7 6
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TABLE 3 - 1
V a l u e s  o f  t h e  r a d i a l  v e l o c i t i e s  f o r  t h e  K ( 1 0 )  m o d e l ,  f o r  
o n e  c o m p l e t e  o s c i l l a t o n ,  w h e n  t h i r d  o r d e r  t e r m s  a n d  t h e  
f i r s t  f o u r ,  f i v e  a n d  s i x  m o d e s  a r e  t a k e n  i n t o  a c c o u n t .
T 4  - f o r  o n e  p e r i o d
4 m o d e s 5 m o d e s 6 m o d e s
O'. 00 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0
0 . 0 5 0 . 0 0 8 4 0 . 0 0 5 9 0 . 0 0 0 7
0 . 1 0 0 . 0 1 6 3 0 . 0 1 1 4 0 . 0 0 1 6
0 . 1 5 0 . 0 2 4 0 0 . 0 1 6 9 0 . 0 0 2 8
0 . 20 0 . 0 3 1 4 0 . 0 2 2 4 0 . 0 0 4 6
0 . 2 5 0 . 0 3 8 4 0 . 0 2 7 7 0 . 0 0 7 1
0 .-3 0 0 . 0 4 5 0 0 . 0 3 2 8 0 . 0 1 0 4
0 . 3  5 0 . 0 5 0 9 0 . 0 3 7 8 0 . 0 1 4 4
0 . 4 0 0 . 0 5 6 3 0 . 0 4 2 6 0 .-019 3
0 . 4 5 0 . 0 6 1 1 0 . 0 4 7 3 0 . 0 2 4 9
0 . 5 0 0 . 0 6 5 2 0 . 0 5 1 7 0 . 0 3 1 2
0 .-5 5 0 . 0 6 8 6 0 . 0 5 5 8 0 . 0 3 8 1
0. -60 0 . 0 7 1 4 0 . 0 5 9 8 0 . 0 4 5 4
0 .-6 5 0 . 0 7 3 5 0 . 0 6 3 4 0 . 0 5 2 9
0 . 7 0 0 . 0 7 5 0 0 . 0 6 6 8 0 . 0 6 0 4
0 . 7 5 0 . 0 7 6 0 0 . 0 6 9 9 0 . 0 6 7 7
0 . 8 0 0 . 0 7 6 4 0 . 0 7 2 7 0 . 0 7 4 7
0 . 8 5 0 . 0 7 6 3 0 . 0 7 5 2 0 . 0 8 1 1
0 . 90 0 . 0 7 5 2 0 . 0 7 7 3 0 . 0 8 6 8
0 . 9 5 0 . 0 7 4 8 0 . 0 7 9 0 0 . 0 9 1 8
1 . 0 0 0 . 0 7 3  5 0 . 0 8 0 4 0 . 0 9 5 8
1 . 0 5 0 . 0 7 1 9 0 . 0 8 1 4 0 . 0 9 8 9
1 . 1 0 0 . 0 7 0 1 0 . 0 8 1 9 0 . 1 0 1 0
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TABLE 3 - 1  ( C o n t i n u e d )
-------------------------------------------------r
T 4 5 6
1 . 1 5 0 . 0 6 8 0 0 . 0 8 2 0 0 . 1 0 2 1
1 . 2 0 0 . 0 6 5 8 0 . 0 8 1 7 0 . 1 0 2 2
1 . 2 5 0 . 0 6 3 5 0 . 0 8 0 9 0 . 1 0 1 3
1 . 3 0 0 . 0 6 1 1 0 . 0 7 9 6 0 . 0 9 9 6
1 . 3 5 0 . 0 5 8 7 0 . 0 7 8 0 0 . 0 9 6 9
1 . 4 0 0 * 0 4 6 2 0 . 0 7 5 8 0 * 0 9 3 5
1 . 4  5 0 * 0 5 3 7 0 * 0 7 3 3 0 * 0 8 9 3
1 . 5 0 0 . 0 5 1 2 0 . 0 7 0 3 0 . 0 8 4 4
1 . 5 5 0 . 0 4 8 8 0 * 0 6 7 0 0 . 0 7 8 9
1 . 6 0 0 . 0 4 6 4 0 * 0 6 3 3 0 . 0 7 2 9
1 . 6 5 0 . 0 4 4 0 0 . 0 5 9 3 0 . 0 6 6 4
1 . 7 0 0 . 0 4 1 8 0 . 0 5 5 1 0 . 0 5 9 6
1 . 7  5 0 . 0 3 9 6 0 . 0 5 0 6 0 . 0 5 2 5
1 . 8 0 0 . 0 3 7  5 0 . 0 4 5 9 0 . 0 4 5 2
I . 8 5 0 . 0 3 5 4 0 . 0 4 1 2 0 . 0 3 7 9
1 . 9 0 0 . 0 3 3 4 0 . 0 3 6 3 0 . 0 3 6 5
1 . 9 5 0 . 0 3 1 5 0 . 0 3 1 5 0 . 0 2 3 3
2 . 0 0 0 . 0 2 9 7 0 . 0 2 6 7 0 . 0 1 6 2
2 . 0 5 0 . 0 2 8 0 0 . 0 2 2 0 0 . 0 0 9 4
2 . 1 0 0 . 0 2 6 3 0 . 0 1 7 4 0 * 0 0 2 9
2 . 1 5 0 . 0 2 4 7 0 * 0 1 3 1 - 0 . 0 0 3 1
2 . 2 0 0 . 0 2 3 1 0 . 0 0 9 0 - 0 . 0 0 8 8
2 . 2 5 0 . 0 2 1 6 0 . 0 0 5 1 - 0 . 0 3 1 9
2 . 3 0 0 . 0 2 0 2 0 * 0 0 1 6 - 0  * 0 1 8  5
2 . 3 5 0 . 0 1 8 8 - 0 . 0 0 0 1 5 - 0 . 0 2 2 5
2 . 4 0 0 . 0 1 7 4 - 0 . 0 0 4 3 - 0 . 0 2 5 9
2 . 4 5 0 . 0 1 6 1 - 0 . 0 0 6 6 - 0 . 0 2 8 7
2 .  50 0 . 0 1 4 8 - 0 . 0 0 8 6 - 0 . 0 3 0 9
2 . 5 5 0 . 0 1 3 6 - 0 . 0 1 0 1 - 0 . 0 3 2 3
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TABLE  3 - 1  ( C o n t i n u e d )
T 4 5 6
2 . 6 0 0 . 0 1 2 3 - 0 . 0 1 1 1 - 0 . 0 3 3 1
2 . 6 5 0 . 0 1 1 1 - 0 . 0 1 1 7 - 0 . 0 3 3 2
2 . 7 0 0 . 0 1 0 0 - 0 . 0 1 1 9 - 0 . 0 3 2 5
2 . 7 5 0 . 0 0 8 8 - 0 . 0 1 1 7 - 0 . 0 3 1 1
2 . 8 0 0 . 0 0 7 7 - 0 . 0 1 1 2 - 0 . 0 2 9 0
2 . 8 5 0 . 0 0 6 5 - 0 . 0 1 0 3 - 0 . 0 2 6 3
2 . 9 0 0 . 0 0 5 4 - 0 . 0 0 9 0 - 0 . 0 2 2 9
2 . 9 5 0 . 0 0 4 3 - 0 . 0 0 7 5 - 0 . 0 1 8 9
3 . 0 0 0 . 0 0 3 2 - 0 . 0 0 5 8 - 0 . 0 1 4 5
3 . 0 5 0 . 0 0 2 1 - 0 . 0 0 3 9 - 0 . 0 0 9 7
3 . 1 0 0 . 0 0 1 0 - 0 . 0 0 1 9 - 0 . 0 0 4 7
3 . 1 5 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0
3 . 2 0 - 0 . 0 0 1 0 0 . 0 0 2 1 0 . 0 0 5 2
3 . 2 5 - 0 . 0 0 2 2 0 . 0 0 4 1 0 . 0 1 0 2
3 . 3 0 - 0 . 0 0 3 3 0 . 0 0 6 0 0 . 0 1 4 9
3 . 3 5 - 0 . 0 0 4 4 0 . 0 0 7 7 0 . 0 1 9 3
3 . 4 0 - 0 . 0 0 5 5 0 . 0 0 9 1 0 . 0 2 3 2
3 . 4 5 - 0 . 0 0 6 6 0 . 0 1 0 4 0 . 0 2 6 5
3 . 5 0 - 0 . 0 0 7 8 0 . 0 1 1 3 0 . 0 2 9 2
3 . 5 5 - 0 . 0 0 8 9 0 . 0 1 1 8 0 -. 0 3 1 3
3 . 6 0 - 0 . 0 1 0 1 0 . 0 1 2 0 0 . 0 3 2 6
3 . 6 5 - 0 . 0 1 1 3 0 . 0 1 1 7 0 . 0 3 3 2
3 . 7 0 - 0 . 0 1 2 5 0 . 0 1 1 0 0 . 0 3 3 1
3 . 7 5 - 0 . 0 1 3 7 0 . 0 0 9 9 0 . 0 3 2 2
3 . 8 0 - 0 . 0 1 4 9 0 . 0 0 8 4 0 . 0 3 0 7
7 . 8 5 - 0 . 0 1 6 2 0 . 0 0 6 4 0 . 0 2 8 5
3 .  90 - 0 . 0 1 7 6 0 . 0 0 4 0 0 . 0 2 5 6
3 . 9 5 - 0 . 0 1 8 9 0 . 0 0 1 2 0 . 0 2 2 2
4 . 0 0 - 0 . 0 2 0 3 - 0 . 0 0 1 9 0 . 0 1 8 1
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TABLE 3 - 1  ( C o n t i n u e d )
T 4 5 6
4 . 0 5 - 0 . 0 2 1 8 - 0 . 0 0 5 5 0 . 0 1 3 4
4 . 1 0 - 0 . 1 2 3 3 - 0 . 0 0 9 3 0 . 0 0 8 3
4 . 1 5 - 0 . 0 2 4 8 - 0 . 0 1 3 5 0 . 0 0 2 6
4 . 2 0 - 0 . 0 2 6 5 - 0 . 0 1 7 8 - 0 . 0 0 3  5
4 . 2 5 - 0 . 0 2 8 1 - 0 . 0 2 2 4 - 0 . 0 1 0 0
4 . 3 0 - 0 . 0 2 9 9 - 0 . 0 2 7 1 - 0 . 0 1 6 9
4 . 3 5 - 0 . 0 3 1 7 - 0 . 0 3 1 9 - 0 . 0 2 3 9
4 . 4 0 - 0 . 0 3 3 6 - 0 . 0 3 6 8 - 0 . 0 3 1 2
4 . 4 5 - 0 . 0 3 5 6 - 0 . 0 4 1 6 - 0 . 0 3 8 5
4 . 5 0 - 0 . 0 3 7 6 - 0 . 0 4 6 4 - 0 . 0 4 5 9
4 . 5 5 - 0 . 0 3 9 8 - 0 . 0 5 1 0 - 0 . 0 5 3 2
4 . 6 0 - 0 . 0 4 2 0 - 0 . 0 5 5 5 - 0 . 0 6 0 2
4 . 6 5 - 0 . 0 4 4 3 - 0 . 0 5 9 7 - 0 . 0 6 7 0
4 . 7 0 - 0 . 0 4 6 6 - 0 . 0 6 3 7 - 0 . 0 7 3 5
4 . 7 5 - 0 . 0 4 9 0 - 0 . 0 6 7 3 - 0 . 0 7 9 4
4 . 8 0 - 0 . 0 5 1 4 - 0 . 0 7 0 6 - 0 . 0 8 4 9
4 . 8  5 - 0 . 0 5 3 9 - 0 . 0 7 3 5 - 0 . 0 8 9 7
4 . 9 0 - 0 . 0 5 6 4 - 0 . 0 7 6 0 - 0 . 0 9 3 8
4 . 9 5 - 0 . 0 5 8 9 - 0  » 0 7 8 1 - 0 . 0 9 7 2
5 . 0 0 - 0 . 0 6 1 3 - 0 . 0 7 9 7 - 0 . 0 9 9 8
5 . 0 5 - 0 . 0 6 3 7 - 0 . 0 8 0 9 - 0 . 1 0 1 4
5 . 1 0 - 0 . 0 6 6 1 - 0 . 0 8 1 7 - 0 . 1 0 2 2
5 . 1 5 - 0 . 0 6 8 2 - 0 . 0 8 2 0 - 0 . 1 0 2 0
5 . 2 0 - 0 . 0 7 0 3 - 0 . 0 8 1 9 - 0 . 1 0 0 8
5 . 2 5 - 0 . 0 7 2 1 - 0 . 0 8 1 3 - 0 . 0 9 8 6
5 . 3 0 - 0 . 0 7 3 6 - 0 . 0 8 0 3 - 0 . 0 9 5 4
5 . 3 5 - 0 . 0 7 4 9 - 0 . 0 7 8 9 - 0 . 0 9 1 3
5 . 4 0 - 0 . 0 7 5 8 - 0 . 0 7 7 1 - 0 . 0 8 6 3
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TABLE 3 - 1  ( C o n t i n u e d )
T 4 5 6
5 . 4 5 - 0 . 0 7 6 3 - 0 . 0 7 8  0 - 0 . 0 8 0 5
5 . 5 0 - 0 . 0 7 6 4 - 0 . 0 7 2 3 - 0 . 0 7 4 0
5 . 5 5 - 0 . 0 7 5 9 - 0 . 0 6 9 7 - 0 . 0 6 7 0
5 . 6 0 - 0 . 0 7 4 9 - 0 . 0 6 6 5 - 0 . 0 5 9 7
5 . 6 5 - 0 . 0 7 3 3 - 0 . 0 6 3 1 - 0 . 0 5 2 2
5 . 7 0 - 0 . 0 7 1 1 - 0 . 0 5 9 4 - 0 . 0 4 4 7
5 . 7 5 - 0 . 0 6 8 3 - 0 . 0 5 5 5 - 0 . 0 3 7 4
5 , 8 0 - 0 . 0 6 4 8 - 0 . 0 5 1 3 - 0 . 0 3 0 6
5 . 8 5 - 0 . 0 6 0 6 - 0 . 0 4 6 8 - 0 . 0 2 4 3
5 . 9 0 - 0 . 0 5 5 8 - 0 . 0 4 2 2 - 0 . 0 1 8 8
5 . 9 5 - 0 . 0 5 0 4 - 0 . 0 3 7 4 - 0 . 0 1 4 0
6 . 0 0 - 0 . 0 4 4 4 - 0 , 0 3 2 3 - 0 . 0 1 0 0
6 . 0 5 - 0 , 0 3 7 8 - 0 . 0 2 7 2 - 0 . 0 0 6 9
6 . 1 0 - 0 , 0 3 0 8 - 0 . 0 2 1 9 - 0 . 0 0 4 5
6 . 1 5 - 0 . 0 2 3 3 - 0 . 0 1 6 4 - 0 . 0 0 2 7
6 . 2 0 - 0 . 0 1 5 6 - 0 . 0 1 0 9 - 0 . 0 0 1 5
6 . 2 5 - 0 . 0 0 7 7 - 0 . 0 0 5 3 - 0 . 0 0 6
6 . 3 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0
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TABLE 3-II
Values of the skewness ratio K for the K(10) model
when x = $ 1 .
X
Skewness Ratio K (Period T - 6.30)
6 modes 5 modes 4 modes
1.00 0.380 0.365 0.254
0.90 0.396 0.397 0.405
0.80 0.468 0.475 0.467
0.70 0.492 0.500 0.492
0.60 0.500 0.500 0.492
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r i n .  3 -  i
K ( 10 ) M o d e l
- 0-10
/ /  M
Radial velocity curves derived when the third order terms are taken into account, together
with the first four modes (——— ------), the first five modes (--------------- —), the first six modes
( -------------------------------------- ) •
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r i . 3 -  i t
K ( 1 0 )  M o d e l
- 0-06
- 0-02
Observed radial velocities for  8 Cephei (............. ) (Shane 1958); radial velocity curve





Radial velocity curves determined 
below the surface of the K(10) 
model at
x = 1.00
0 . 0 80. 08-
(---x X----)x = 0.96
(--------♦x = 0.94
v;hen the first four modes of 
oscillation are taken into 










Radial velocity curves 
determined below the surface 
of the K (10) model at
x = I . 0 0
0 . 960.08-
(--------♦0 . 94
’./hen the first six modes of 






The contribution made by the individual sixth 
node (top) and individual cifth node (bottom) 
t o the r a dia 1 v e1o city a t
x = 1.00 (------------)
x = 0.98 (•----•--•-- )
x = 0.9 6 (•---- *--*---■)
X = 0.94' ----*---1---)
for the K(10) model when





NON-LINEAR ADIABATIC PULSATIONS OF MASSIVE STARS
CHAPTER 4.
§4-1 INTRODUCTION
This investigation into the pulsational properties of massive 
stars, with any uniform composition, has been based on a sequence 
of four stellar models, M = 10, 15, 20, 30, where
/•I = u^M/M , \x being
the mean molecular weight of the stellar material. These models 
were initially constructed by R. Van der Borght [2 3] to study the 
evolution of massive stars.
At this stage we will briefly review some of the more general 
properties [10], [24] of the mass.ive stars as derived in [2 3],
They are «quilibrium models consisting of three zones-a convective 
core extensive enough to contain significantly all the nuclear energy 
production, an intermediate zone in convective neutrality with vary­
ing composition, together with a radiative envelope - and were con­
structed using the criteria r followed by Schwarzschild and Härm 
[25] for massive stars. Radiation pressure has been taken into 
account fully with electron scattering as the main source of opacity: 
K  = 0.20Q4(1+X) , X the abundance of hydrogen. 





for the adiabatic exponent in the presence of radiation.
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Table 4-1 gives the range of 3 throughout the star in each case 
We observe that in our situation (i.e. any uniform composition), the 
existence of the three zones as detailed above does not have the same 
significance as in the case of non-uniform composition.
Equilibrium values of the pressure p, the density p, the mass M(r) 
contained within a sphere of radius r as well as the values of g and 3 
throughout the star have been provided by these stellar models. For 
completeness a tabulation of the stellar models M = 10, 15, 20, CO is 
given in tables 4-II to 4 - V and represents unpublished computations 
(based on ß>3] with a= 1) due to R. Van der Borght.
In this section we will consider the anharmonic radial pulsations of 
these models and determine the radial velocity curve at the surface of 
the star when the variation of the radiation pressure throughout the 
star is taken into account. In addition, having taken a sequence of 
models with different mass, yet of similar chemical composition, we have 
been able to form comparative conclusions about the effect of increasing 
mass (and radiation pressure)»as well as observing the effect of includ­
ing higher modes of oscillation, on the form of the radial velocity curve. 
The pulsational stability of these models has also been investigated and 
will form the basis of the next section where we arc concerned with the 
effect of including the non-adiabatic terms in the equation of notion.
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An u n ex p ec ted  f a c e t  o f s t e l l a r  p u ls a t io n s  was en co u n te red  w ith  th e  
m assive s t a r  o f M = 20 when re so n an ce  was e s ta b l i s h e d  betw een th e  f i r s t  
and second modes o f o s c i l l a t i o n .
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§4.2 LINEAR EQUATION
Our reasons for taking the appropriate linear problem into 
consideration were out-lined at the beginning of §1,1 - they apply 
again in this section.
Allowing for the influence of radiation px’esruro, the linear 
differential equations governing small radial adiabatic pulsations 
now take the form [ a]
d y ö r vx -t— (- — ) dx r 4.2.1
X U&bdx p i£.+ (4+lo2 *-) «E.P q r
P_ GM(r) 
p Rx 4.2-2
where Sr and Sp are the amplitudes of the pulsations in position 
and pressure with and -^2- defining the relative amplitudes
respectively. In these equations p, p and r refer to the equilibrium 
values of pressure, density and radius respectively, and the non-
o
dimensional variables x and q, together with w , are defined as de­
tailed in section I.
Again^the boundary conditions associated wltn tne equations’ **.2-1 
and 4.2-2 require 6r = 0 at the centre for r = 0, and 6p = 0 at the 
surface for r = R. These conditions arise from the physical re­
quirements that the Lagrangian displacement and the Lagrangian 
variation in pressure should be zero at the centre and surface re­
spectively.
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The solution of the eigenvalue problem, represented by the 
equations 4.2-1 and 4.2-2 subject to the above boundary conditions, 
was undertaken using the method as given by R. Van der Borght in 
[14]. We have given in table 4-VI, for each stellar model, the 
first six eigenvalues co , with w corresponding to the fundamentalK X
mode of oscillation. Furthermore, the associated eigenfunctions
6r d\n, = —  , together with their first derivatives hi = —  , wereK K QX
*
derived and tabulated in normalized form for the later calculation
of the coefficients C.. , as detailed in the next part §4.3.13 ,k
Values of x, and ry^  for the first six modes of oscillation are 
given in tables 4-VIIito 4-XVHIfor the respective stellar models 
M = 10, 15, 20, 30* and 1^  is listed in table 4-XIX for all models.
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§4.3 EQUATION OF MOTION
As indicated earlier (in §2.2), we will now determine the 
exact form of the equation of motion governing adiabatic radial 
oscillations of a pulsating star. At rthis stage only the adiaba 
tic form of this equation is of immediate interest; the non-adiaba 
tic terms are discussed in detail in the next section.
Following Ledoux and Walraven [ l], we have the three basic 
Lagrangian equations:
1. Conservation of mass:
2 3r
P’r W p r or m(r) = m(r ) o o o 4.3-1
where the zero subscript denotes equilibrium values.
2. Conservation of momentum:
, . m(r )• = - ,-i-. - G ---%-o(3r/3r ) 3r o o 4.3-2
- r
2 $rp r ° o o o
IP _ G m<r0) on using 4.3-1 above.
3. Conservation of energy:
^ 7 pM (V1) p {e * 4.3-3
where: rx-e
r3 ' 1 + 4-38 ’
5G
e. i s  th e  en erg y  produced  p e r  gram p e r  second and L (r)  i s  th e  energy
c ro s s in g  a sp h ere  o f  ra d iu s  r  p e r  second .
W ritte n  in  th e  a d ia b a t ic  form
„  -
e q u a tio n  4 .3 -3  re d u c e s  to
E- = £  > 4 • 3t4
w ith  r  , which i s  d e f in e d  in  term s o f 3 ( r Q) ,  a c c o u n tin g  f o r  any v a r ia t io n  
o f th e  r a d ia t io n  p re s s u re  th ro u g h o u t th e  s t a r .  ( c . f .  e q u a tio n  2 .2 - 2 ) .
E lim in a tio n  o f  p from 4 .3 -2 ,  u s in g  4 .3 -4 ,  d e te rm in e s  th e  re q u ire d
e q u a tio n  o f m otion
f = L
P r  o o
2 3 r r o i
3r  ^ t 1^ 1 M(r )
-----  ! ’> -  G— °
Or /3r ) J
4 .3 -5
where th e  ze ro  s u b s c r ip t  in d ic a te s  th e  e q u i l ib r iu m  v a lu e .
S u b s t i tu t in g
r  = r  ( 1 + 0 ,  £ ( r  , t )o o
in to  th e  p re v io u s  e q u a tio n  4 .3 -5 ,  and w ith  p rim es d e n o tin g  d i f f e r e n t i a t i o n  
w ith  r e s p e c t  to  r Q, i t  fo llo w s  th a t
P r  i  o o
- (l+o 2 3
- 2 I \
Po(l+0 - (1+c +rQ0)
-r.
-  g p u + e ) " 2 .o o 4 .3 -
N e g le c tin g  t h i r d  and h ig h e r  o rd e r  te rm s o f £ on exp an sio n  and r e c a l l i n g  
th a t  T , w hich ap p ea rs  as an exponent in  th e  above e q u a tio n  4 .3 -6 ,
v a r ie s  w ith  r  , we o b ta in  o
-  (9p r r ' + i 5 / 2  ,p r; -  9 / 2  g o j 2, + 9 /2  g o r ,  + 2g 0 )?2o l l  o 1 o o l  o o l  0 0
-  (6p r*r r  -  p r»r + 12p r2 -  4p r -  3g p r2r*o 1 1 o *o 1 o *o 1 *o 1 öoKo 1 o
+ g p r r j ^ *  -  (3p r  r j -  p r  r )££” o o o l  o o l  o o l
-  (p r f r r  2 + hp F!r2 + 4p r2r + 2p T r  -  hg P r2r2*o 1 1 o ^ o  1 o *o 1 o *o 1 o ^*o o 1 o
-  ^g„P0r , ^ ) C ’2 -  C p V r  + p r V ) ( ' ( "  .o o l o  o o l  o o l 4 .3 -7
The e ig e n fu n c t io n s  rK (rQ) ° f  th e  l i n e a r  problem  have been in tro d u c e d
by a d o p tin g  a s o lu t io n  o f th e  form
n
S = I  ni ( r Q)q i ( t ) .  4 .3 -8
i = l
N oting  t h a t  th e  n ^ ( r Q) , d e te rm in ed  in  th e  p re v io u s  s e c t i o n ,  s a t i s f y  th e  
o r th o g o n a l i ty  c o n d i t io n s  2 .2 -6 ,  and ta k in g  n = 6 , t h a t  i s  c o n s id e r in g  th e  
f i r s t  s i x  modes o f  o s c i l l a t i o n ,  we new p ro ceed  to  e s t a b l i s h  th e  d i f f e r ­
e n t i a l  e q u a t io n s  t h a t  w i l l  g iv e  th e  q ’ s as  fu n c t io n s  o f  tim e .
On s u b s t i t u t i o n  o f 4 .3 -8  in to  4 .3 -7  th e  l i n e a r  te rm s in  £ on th e  r i g h t
h a t .1 s id e  o f  4 .3 -7  red u ce  to
when an alternative form of the linear problem,now including terms in
„ , / 4 , ri faopo^ t
ni + (~  + 7- - — )nio 1 *o
°ip- 3r'i 36npA+ (----+ — ---------- + -------) n. = 0r p r r r p 1 o o 1 o*o r p r: "i0*0 1
u>?GM
where a. = — r—  , is taken into account (cf 2.2- 7 ).
4.3-9
Following this substitution we multiply the resulting equation 
successively by
ro'1k(ro)dro»k = 1>2" - 6
and then integrate over the volume of the star observing that this pro­
cedure enables us to apply the orthogonality conditions . Finally, by
writing x = a t for the time variable, and with x = — , the resultingX K
differential equations take the form
2o y




q^ and are defined in the same manner following





c i j , k  = l ( ) o [ 2 r i (9 r i + 15/2)X2 -  <9F2-  9 r r  4)§f=-] pxn.nj V
+ f Cr’x2(6r - l )  - r ( i-3r ) ( 4 x  -  ^ Eä . ) ] p x 2 ( n . n ' .  + n ' . n . J r u d x
1 1 1 1 i?f i i  i n ko
f l
o
v— 4r (3r -  i ) p x  (n.nV + n V n . )n,  dx
1 1  i l  i l k
r1 9 Gm( r  +1)  __
+ [ 2 r !x (r + h )  -  r_(----- = —  - 4x(2r + l ) ) ] p x  V n ’.ry dx
J ^ 1 1  1 Rt 1 1 3 k
+ f r (r + lJpx^n.TiV + n"n. )n, dxj>1 1 1   ^ 1 3  i l k /
( C1+6i>xk
4 .3 -1 2
M o re o v e r ,  we h a v e  i n t r o d u c e d  t h e  new v a r i a b l e s  p ,  t ,  m a s  t a b u l a t e d  in  
[ 2 3 ]  w h ich  e n a b le s  u s  t o  e v a l u a t e  t h e  c o e f f i c i e n t s  o f  t h e  s i x  d i f f e r e n t i a l  
e q u a t i o n s  4 .3 - 1 0  d i r e c t l y  fro m  t h e  d a t a  p r o v id e d  by t h e  s t e l l a r  m o d e ls .  
In d e e d  on e  can  r e a d i l y  v e r i f y  t h e  f o l l o w i n g  r e l a t i o n s h i p s  b e tw e e n  t h e  tw o 





4 4 R y
4 .3 -1 3 .
G -  0mD2 2 2 9 
R x y
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,, - M0 M(r) = m -y ,
U
2 JLM = U Mg ,
where the mean molecular weight u = 2X+ 75Y+.5Z
d(3After making allowance for the separate formulation of —  in the core 
and envelope C 2 3Ü » that is, 
in the convective core
dB Gß(l-B) m 
-T------ --------- ^-------  • r= .
t 32-24B-3B2 *
4,3-14
and in the radiative envelope
dß . 1 ß(l-ß) 1 / Kv 2l . - g\
dx R t K2 pirc(l-ß)Mg f * 4.3-15





To calculate nV we expressed 4.3-9 in terms of the new variables
and then used the values of rn and as determined previously from
4.2-1 and 4.2-2. We have also listed in tables 4-VII to 4-XVITI values
of n" and T' throughout the four stars for all r.:d :s considered,K -L
The coefficients C. . of the differential equations 4,3.10 have 
been tabulated in tables 4-XX' to 4-XXI~ for the four models under 
consideration. We should remark at this stage that the radius R of the 
star has been eliminated from these calculations and that whereas the •
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q u a n t i t i e s  X,Y and Z, d e te rm in in g  th e  u n ifo rm  com position  o f th e  s t a r ,  
a re  n o t d i r e c t l y  in v o lv ed  in  th e  c a lc u la t io n s  th e y  do e n t e r  im p l ic i t l y  
th ro u g h  th e  q u a n t i ty  /•!.
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§4.4 NUMERICAL SOLUTIONS AMP RADIAL VELOCITY CURVES
The system of simultaneous second order differential ^quäticns 
4.3-10 has been solved by numerical integration using the same method as 
detailed in section I for each stellar model. The following initial 
values were adopted^
q^(0) = 0« 03, q^CO) = 0 for k = 1,2...6, 
and an iterative procedure was again used to determine the values of
qk(0) , k = 2 ,3...6
under the requirement that the solutions for the second and higher 
modes of oscillation should be periodic and have the same period as the 
first mode q^(x).
As mentioned .earlier, a resonance interaction was encoutered be­
tween the first and second modes of oscillation for the star Ai = 20. 
From table 4-XXII it is seen that
4*0629
and some significance can apparently be placed on the value of this ratio.
The radial velocity curve at the surface of the star is determined, 
for one period of t , by
6 6
4(f) = I q, ( t )r) (1) = , £ q,(x), 
k=l k=l
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as the nk(x) have been normalized at the surface x = 1.
The skewness of the radial velocity curve is established by the 
factor K, the ratio of the rise of the radial velocity from minimum to 
maximum to the total period, and can be considered to some extent as a 
measure of the effect of -.including the non-linear terms in the equation 
of motion. We would expect the value of K from the linear theory to be 
one half. Values of K, taking into account the first four, five and 
six modes of oscillation, are tabulated in table 4-XXIV.
The main significance of these results is that, overall, the inclus­
ion of higher modes of oscillation has relatively little effect on the 
value of K and the general shape of the radial velocity curve, whereas an 
increase in mass (and radiation pressure) produces an appreciable change 
in both the skewness and form of the radial velocity curve. This trend 
is illustrated by Figs 4-I-4-IV. There is also an increase in the period
of oscillation corresponding to an increase in mass; for the star M = 10 
we have the value of x = 6*29 for a period, and for the star M = 30,
T = 6*35, as compared to the linear case where x = 6*28 for a period. 
Values of the period x are also given in table 4-XXIV.
Finally, it should be stressed that these results apply to stars 
having any uniform composition. However, if we were to consider a 
"normal" composition say X = 0*70, Y = 0°27, Z = 0*03 then these results 
would equally apply to stars in the mass range 26#2M to 78*5M .
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§tu5 RAVI k l VELOCITY, CURVES FOR ;(ASSIi/E STARS WEH x = j  < !•
In §3 . 3  th e  form o f  th e  r a d ia l v e lo c it y  curve below th e  s t e l l a r  
su rfa ce  fo r  th e  K(1 0 ) model was e s ta b lish e d  and th e a sso c ia te d  skewness 
determ ined as a su rfa ce  e f f e c t .  By u sin g  th e  same m athem atical t e c h n i­
ques as d escr ib ed  e a r l i e r ,  we have 'now ca rr ied  out a s e r ie s  o f s im ila r  
c a lc u la t io n s  fo r  th e  m assive s ta r s  M = 15 and 30 . We hasten  to  add th a t  
no attem pt -aß in  th e f i r s t  s e c t io n  I -  i s  made to  a s so c ia te  th e r e s u lt s  
ob ta in ed  h ere fo r  m assive s ta r s  w ith o b se r v a tio n s , our primary purpose 
being to  e s t a b l is h  th e  e x is te n c e  o f th e  same phenomena in  the case o f  
m assive s t a r s .
In a l l ,  th e  same g en era l co n c lu sio n s have been reached as in  §3.3 .
Even though th e  p resen t r e s u l t s  are s t i l l  based on th e a d ia b a tic  approx­
im ation (eq u ation  o f m otion) in  the ou ter la y e r s  th ey  again in d ic a te  th a t  
th e  skewness o f  th e  r a d ia l  v e lo c ity  cu rve , and in  th e case  o f 15.  
th e e x is te n c e  o f su b s id ia ry  maxima and minima on th e c e n tr a l p o rtio n s  o f  
th e cu rve , are on ly  su rfa ce  e f f e c t s .  Table 4 -XXV records th e  v a lu es  o f  
th e  skewness r a t io  K fo r  each s t e l l a r  m odel, when th e  f i r s t  s i x  modes o f  
o s c i l l a t io n  are taken in to  account, as we tr a v e l  towards th e  cen tre  o f  
the s ta r .  We n o te  th a t fo r  M = 15 the va lu e o f K in cr ea se s  when x < 0 *6 6 ; 
however t h i s  tren d  does not lead  to  any s ig n i f ic a n t  in crea se  in K. In 
p a r t ic u la r  t h is  ta b le  em phasizes the two extreme va lu es  taken by K at 
x = 1*00 and th a t in  each case  the va lu e o f -  0*500 i s  approached as x 
d ecre a se s . These r e s u l t  have been i l lu s t r a t e d  g ra p h ica lly  by th e  two 
f ig u r e s  4-V and 4-VI fo r  th e  s ta r s  M = 15 and M = 30 r e s p e c t iv e ly .
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TABLE 4-i
VARIATION OF ß ( = Gas Pressure/Total Pressure)..






CAPTION FOR TABLES 4-II 4 -V .
Detailed data for the stellar models
M = 10 (Table 4 -I I )
M  = 15 ( M 4 -1II )
M = 20 ( " 4 - IV )
M = 30 ( " 4 -V )
wher e x
m = y M (r )
- . R'Vp
t = Ry t
0 = ratio of gas pressure/total pressure.
Notation: FORTRAN E type format
T A B L E  4 I I
M = 1 0  )
X
. 0 0 0 0 E - 9 9  
2 . 0 0 0 0 E - 0 2  
4 . 0 0 0 0 E - 0 2
6 • 00 00 E—0 2 
8 • OOOOE-02 
1 . 0 0 0 0 E - 0 1  
1 . 2 0 0 0 E - 0 1  
1 . 4 0 0 0 E - 0 1  
1 . 6 0 0 0 E - 0 1 
1 . 8 0 0 0 E - 0 1  
2 • OOOOE-O1 
2 . 2 0 0 0 E - 0 1  
2 • 4 0 0 0 E - 0 1 
2 • 6 0 0 0 E - 0 1 
2 • 8 0 0 0 E - 0 1 
3 . OOOOE-O1 
3 . 2 0 0 0 E - 0 1  
3 • 4 0 0 0 E - 0  1 
3 • 6 0 0 0 E - 0 1 
3*  8 0 0 0 E - 0 1 
4 . OOOOF-GI  
4 . 2 0 0 0 E - 0 1  
4 . 4 0 0 0 E - 0 1 
4 . 6 0 0 0 E - 0 1 
4 . 8 0 0 0 E - 0 1 
8 • OOOOE-O1 
5 • 2 0 0 0 E - 0 1 
5 • 4 0 0 0 E - 0 1 
5 . 6 0 0 0 E - 0 1  
5 . 8 0 0 0 E - 0 1  
6 • OOOOE-O1
6 . 2  OOOE-O1 
6 • 4 0 0 0 E - 0 1 
6 • 6 0  00 E - 0 1 
6 . 8 0 0 0  E - 0 1
7 . OOOOE-O1 
7 • 2 0 0 0 E - 0 1 
7 • 4 0 0 0 E - 0 1 
7•  6 00 0  E - 0 1 
7 • 8  OOOE-O1 
8 . OOOOE-O1 
8 . 2 0 0 0 E - 0 1  
8 . 4 0 0 0 E - 0 1  
8 • 6 0  00 E - 0 1 
8 . 8 0 0 0 E - 0 1  
9 • OOOOE-O1
9 . 2  OOOE-O1 
9 , 4 0 0 0 E - 0 1 
9 , 6 0 0 0 E - 0 1
9 , 8  OOOE-O1 
0 • 9 9 9 0 E + 0 0
• 0 0 0 0 E - 9 9  
1 . 6 0 2 5 E - 0 3  
1 . 2 7 3 3 E - 0 2  
4 . 2 5 1 6 E - 0 2  
9 . 9 2 6 1 E - 0 2  
1 . 9 0 1 4 E - 0 1  
3 . 2 0 9 0 E - C 1
4 . 9  5 69 E - 0 i  
7 . 1 6 9 2 E - 0 1  
9 . 8 5 2 4 E - 0 1  
1 , 2  9 9 6 E - 0 0  
1 . 6 3 7 4 E - 0 0  
2 . 0 3 4 7 E - 0 0  
2 • 4 8 6 5 E - 0 0  
2 , 9 4 6 6 E - 0 0  
3 . 4 2 8 3 E - 0 0  
3 , 9 2 5 2 E - 0 0  
4 . 4 2 9  7 E - 00  
4 , 9 3 3  iE-QQ 
5 . 4 3 4 7 E - 0 0  
5 . 9 2 2 4 E - 0 0  
6 . 3 9 1 8 E - 0 0  
6 . 8 3 6 Ö E - 0 0  
7 . 2 3 2 4 E - 0 0  
7 . 6 3 3 8  E_ 0 0 
7 . 9 8 3 6 E - 0 0  
8 . 2 9 6 6 E - 0 0  
8 , 5  74 7 E—0 0 
8 . 8 1 8 9 E - 0 0  
9 . 0 3 1 2 E - 0 0  
9 . 2 1 3 8 E - 0 0  
9 . 3 6 9 l E - 0 0  
9 . 4 9 9 9 E - 0 0  
9 . 6 0 8 8  E - 0  0 
9 . 6 9 8 4 E - 0 0  
9 . 7 7 1 2 E - 0 0  
9 . 8 2 9 5 E - 0 0  
9 . 8 7 5 6 E - 0 0  
9 . 9 1 1 4 E - 0 0  
9 . 9 3 8 6 E - 0 0
9 . 9  5 8 9 E - 0 0  
9 . 9 7 3 5 E - 0 0  
9 . 9 8 3 8 E - 0 0  
9 . 9 9 0 7 E - 0 0  
9 . 9 9 5  I E - 0 0  
9 . 9 9 7  7 E - 0  0 
9 . 9 9 9  I E - 0 0  
9 . 9 9 9 Ö E - 0 0  
l . O OO O E+ Ol  
l . O OO O E+ O i  
l . O OO O E + O l
2 . 3 3 2 3 E - 0 8  
2 . 3 1 9 6 E - 0 5  
2 . 2 8 1 6 E - 0 8  
2 . 2 1 9 8 E - 0 5  
2 .  1 3 6 3 E - 0 5  
2 . 0 3 3 7 E - 0 3  
1 . 9 1 5 4 E - 0 5  
1 . 7 8 4 8 E - 0 5  
1 . 6 4 3 8 E - 0 5  
1 . 5 0 1 8 E - 0 5  
1 . 3 5 6 3 E - 0 5  
1 . 2 1 2 4 E - 0 5  
1 . 0 7 2 9 E - 0 5  
9 . 3 9 9 9 E - 0 6  
6 . 1 5 2 8 E - 0 6  
7 . 0 0 0 5 E - 0 6  
5 • 9 5 0 7 E - 0 6  
5 . 0 0 7  OE- 0 6  
4 . 1 6 9 4 E - 0 6  
3 . 4 3 5 0 E - 0 6  
2 . 7 9 8 8 E - 0 6  
2 . 2 5 5 1 E - 0 6  
1 . 7 9 7  4 e - 0 6  
1 . 4 1 7 7 E - 0 6
1 . 1 0  7 OE- 0 6  
8 . 5 6 0 3 E - 0 7  
6 . 5 5 7 0 E - 0 7  
4 . 9 7 5 5 E - 0 7  
3 . 7 4 0 3 E - 0 7  
2 . 7 8 5 3 E - 0 7  
2 . 0 5 4 0 E - 0 7  
1 . 4 9 9 2 E - 0 7  
1 . 0 8 2 5 E - 0 7  
7 . 7 2 4 3 E - 0 8  
5 . 4 4 0 3 E - 0 8  
3 . 7 7 6 3 E - 0 8  
2 . 5 7 8 4 E - 0 8  
1 . 7 2 7 3 E - 0 8  
1 . 1 3 1 9 E - 0 8  
7 . 2 2 5 7 E - 0 9  
4 . 4 7 0 0 E - 0 9  
2 . 6 6 1 2 E - 0 9  
1 . 5 1 0 4 E - 0 9  
8 . 0 6 4 2 E - 1 0  
3 . 9 7 2 2 E - 1 0  
1 . 7 3 1 4 E - 1 0  
6 . 5 7 0 8 E - H  
1 . 9 0 7 7 E - l l  
3 . 4 6 4  I E - 1 2  
1 . 9 9 3 6 E - 1 3  
1 . 1 9 6 4 E - 1 8  68
t
4 . 6 9 0 8 E - 1 5  
4 . 6 8 3 2 E - 18 
4 . 6 6 0  6 E - 13 
4 . 6 2 3 3 E - 1 3  
4 . 5 7 1 5 E - 15 
4 . 5 0 6 0 E - 1 3  
4 . 4 2 7 2 E - 15 
4 , 3 3 6 1 E ~ 15 
4 . 2 3 3 4 E - 1 5  
4 . 1 2 0 2 E - 1 5  
3 . 9 9 7 5 E - 1 5  
3 . 8 6 6 3 E - 1 3  
3 . 7 2 7 6 E - 1 3  
3 . 5 8 2 6 E - 1 5  
3 . 4 3 2 2 E - 1 3  
3 . 2 7 7 5 E - 1 5  
3 . 1 1 9 4 E - 1 5  
2 . 9 5 8 9 E - 1 5  
2 . 7 9 6 7 E ~ 15 
2 . 6 3 3 7 E - 1 5  
2 . 4 7 1 1 E - 15 
2 . 3 1 4 3 E - 1 5  
2 . 1 6 4 5 E~ 15 
2 . 0 2 1 7  E—15 
1 . 8 8 5 7 E - 1 5  
1 . 7 3 6 3 E - 1 5  
1 . 6 3 3  5 E - 15 
1 . 5 1 7 1 E -  15 
1 . 4 0 6 6 E - 1 5  
1 . 3 0 2 0 E - 1 5  
1 . 2 0 3 0 E - 1 5  
1 . 1 0 9 2 E - 1 3  
1 . 0 2 0 4 E - 1 5  
9 . 3 6 2  7 E - 16 
8 . 5 6 5 6 E - 1 6  
7 . 8 1 0 1 E“ 18 
7 . 0 9 3 4 E - 1 6  
6 . 4 1 3 2 E - 1 6  
5 . 7 6 7  1 E - 16 
5 . 1 5 3 0 E - 1 6  
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2 . 9 9 9 / E + O l
2 . 9  999 E+0 1 
3 . 0 0 0 0 E + 0 1  
3 . 0 0 0 0 E + 0 1  
3 . OOOOE + O 1
p
2 . 2 1 9 D E - 0 4  
2 . 2 0 7 6 E - 0 4  
2 . 1 6 8 1 E - 0 4  
2 . 1 0 3 5 E - 0 4  
2 . 0 1 6 6 E - 0 4  
1 . 9 1 0 3 E - Q 4  
1 . 7 8 9 2 E - 0 4  
1 . 6  566E — 04 
1 . 5 1 6 9 E - 0 4  
1 . 3 7 4 1 E - 0 4  
1 . 2 3 1 6 E - 0 4  
1 . 0 9 2 7 E - 0 4  
9 . 5 9 9 9 E - 0 3  
8 . 3 3 2 3 E - 0 5  
7 . 1 9 9 5 E - 0 3  
6 . 1 4 9 6 E - 0 3  
3 . 2 0 6 4 E - 0 3  
4 . 3 6 9 8 F - 0 3  
3 . 6 3 6 4 E- 0 3  
3 . 0 0 0 7 E - 0 3  
2 . 4 5 5 3 E - 0 5  
1 . 9 9 2 1 E - 0 3  
1 . 6 0 2 4 E - 0 3  
1 . 2 7 7 6 E - 0 3  
1 . 0 0 9 4 E - 0 3  
7 . 8 9  8 PE- 0 6  
6 . 1 1 7 1 E - 0 6  
4 . 6 8 7 3 E - 0 6  
3 . 5 5 3 7 E - 0 6  
2 . 6 6 3 6 E - 0 6  
1 . 9 7 7 8 E - 0 6  
1 . 4 5 1 2 E - 0 6  
1 . 0 3 2 2 E - 0 6  
7 . 5  3 4 7 E -  0 7 
3 . 3 2 1 8 E - 0 7  
3 . 7 0 2 4 E - 0 7  
2 . 3 3  2 3E- 0  7 
1 . 6 9 8 8 E - 0 7  
1 . 1 1 4 3 E - 0 7  
7 . 1 1 9 3 E - 0 8  
4 . 4 0 6 7 E - 0 8  
2 . 6 2 4 6 E - 0 8  
1 . 4 9 0 0 E - 0 8  
7 . 9 3 6 8 E - 0 9  
3 . 9 1 9 7 E - 0 9  
1 . 7 2 8 3 E - 0 9  
6 . 4 8 4 7 E - 1 0  
1 . 8 8 2 7 E - 1 0  
3 . 4 1 8 7 E - 1 1  
1 . 9 6 7 6 E - 1 2  
1 .  18 0 7 E- 1 3
t
9 . 3 9 7 9 E - 1 3  
9 . 8 8 3 8 E - 13 
9 # 8 3 6 8 E-  1 3 
9 . 7 5 8 6 E - 1 3  
9 . 6 5 0 3 E - 1 3  
9 . 5 1 3 3 E - 1 6  
9 . 3 4 9 8 E - 1 5  
9 . 1 6 1 3 E - 1 3  
8 . 9 P 0 2 E - 1 3  
8 . 7 1 8 7 E - 1 3  
8 # 4 6 9 4 E - 13 
8 . 2 0 4 7 E - 1 3  
7 . 9 2 7 2 E - 1 3  
7 . 6 3 9 2 E - 1 3  
7 . 3 4 3  I E - 13 
7 . 0 4 1 0 E - 13 
6 . 7 3 3 1 F - 1 3  
6 . 4 2 7 1 ^ - 1 5  
6 . 1 1 8 7 E - 1 3  
3 . 8 1 1 5 F - 1 5  
3 . 5 0 6 7 E - 1 5  
3 . 2 0 3 4 E - 1 5  
4 . 9 0 8 6 E - 1 3  
4 . 6 1 7 1 E - 1 3  
4 . 3 3 1 4 E - 1 5  
4 . 0 3 2 1 E“ 13 
3 . 7 7 9 7 E - 1 5  
3 . 5 1 8 3 E - 1 5  
3 . 2 6 8 6 E - 1 3  
3 . 0 3 0 5 E - 1 3  
2 . 8 0 3 8 E - 1 3  
2 . 5 8 8 1 F - 15 
2 . 3 8 3 0 E - 1 5  
2 . 1 8 8 2 E - 1 5  
2 . 0 0 3 1 E - 15 
1 . 8 2 7 2 E - 15 
1 . 6 6 0 1 F - 1 5  
1 . 5 0 1 4 E - 1 5  
1 • 3  50 4 E - 15 
1 . 2 0 6 8 E - 1 5  
1 . 0 7 0 1 E - 1 5  
9 . 3 9 8 9 E - 1 6  
8 . 1 5 7 2 F - 1 6  
Ö . 9 7 2 4 E - 1 6  
5 . 8 4 1 0 E - 1 6  
4 . 7 5 9 5 E - 1 6  
3 . 7 2 4 9 F - 1 6  
2 . 7 3 4 2 E - 16 
1 • 7 8 4 8  E - 16 
Ö . 7 4 2 3 E - 1 7  
4 . 3 2 7 0 F - 1 8
ß
3 . 7 1 1 Ö E - 0 1  
5 . 7 1 3 1 E - 0 1  
5 . 7 1 7 5 E - 0 1  
5 . 7 2 4 9 E - 0 1  
5 . 7 3 5 2 E - 0 1  
3 . 7 4 8 4 E - 0 1  
5 . 7 6 4 5 E - 0 1  
3 . 7 8 3 5 E - 0 1  
5 . 8 0 3 3 E - 0 1  
5 . 8 3 0 0 E - 0 1
5 . 8  5 7 5 E -  0 1
5 . 8  8 7 7 E -  0 1 
3 . 9 2 0 8 E - 0 1  
5 . 9 5 6 6 E - 0 1  
5 . 9 9 3 3 E - 0 1  
6 . O 3 6 6 E - 0 1  
6 . O 8 0 8 E - 0 1  
6 .  1 2 7 8 F - 0 1  
6 .  17 7 7 E- 0  1 
6 . 2 3 0 5 E - 0 1  
6 . 2 8 6 3 E - 0 1  
6 . 3 4 5 2 E - 0 1  
6 . 4 0 7 3 E - 0 1  
6 . 4 7 2 9 E - 0 1  
6 . 5 4 2  I E - 0 1  
6 . 6 1 3 2 E - 0 1  
6 . 6 9 1 2 E - 0 1  
6 . 7 5 8 2 E - 0 1  
6 . 8 1 4 7  E - 0 1 
6 . 8 6 2  I E - 0 1  
6 . 9 0 1 3 E - 0 1  
6 . ^ 3 4 1 E - 0 1 
6 . 9 6 0 8 E - 0 1  
6 . 9 8 2  6 E - 0 1 
7 . 0 0 0 1 E - 0 1  
7 . o l 4 1 E - 0 1 
7 . 0 2 5 2 E- 01  
7 . 0 3 3 7 E - 0 1  
7 . O 4 0 3 E - 0 1  
7 . O 4 5 3 E - 0 1  
7 . o 4 8 9 E - 0 1  
7 . 0 5 1 5 E - 0 1  
7 . O 5 3 3 E - 0 1  
7 . 0 5 4 5  E - C 1 
7 . 0 5 5 2 E - 0 1  
7 . O 5 5 7 E - 0 ]  
7 . 0 3 5 9 E - 0 1  
7 . 0 3 6  O E - 0 1 
7 . O 5 6 0 E - 0 1  
7 . 0 5 6 0 E - 0 1  
7 . O 5 6 0 E - 0 1
TABLE 4-V I
EIGENVALUES FOR THE FIRST SIX MODES OF OSCILLATION.
u
MODE
0) 1 a) 2 03 3 03 4 0)5 03 6
10 2.0507 3.6487 4.9764 6.2587 7.5160 8.7563
15 1.8557 3 . 569 9 4.8924 6.1628 7 .4069 8.6355
20 1.7457 3.5187 4.8358 6.0976 7.3343 8.5572
30 1.5971 3.4525 4.7602 6.0125 7 . 2430 8.4604
CAPTION FOR TABLES 4-VII 4-XIX
Values of:
r,*, n" at x
for the first six inodes of oscillation for the massive 
stars
M = 10 (Tables 4-VII - 4 -1X ),
= i5 (Tables 4-X 4 -X11 ),
M = 20 (Tables 4-XIII- 4-XV ),o00ii (Tables 4-XVI - 4-XV III )
Values of:
T{ at * ,
which has the same value for all modes; of oscillaton
for the massive stars
M = 10, 15, 20, 30 (Table 4-XIX).
T A ’r . r ;  4 V  T I
M = i u ’! o  1 e  1 ' l o d e  2
X n n ’ n " n n ’ n "
0 . 3 8 9 5 0 . 388 -  0 . 0 3 5 / U , 0 2 3
. 0 2 . 3 8 9 7 . 0  08 . 7 8 9 - 0 . 0 3 5 / . u o u . 0 2 3
, 0 4 . 3 8 9 9 . 0 1 6 . 769 - 0 . 0 3 5 6 . 0 0 1 . 0 2 4
, Ob . 3 9 0 3 . 024 . 3 6 9 - 0 . 0 3 5 6 . 0 0 1 . 0 2 7
, 0 Ö . 3 9 0 8 . 0 3 2 . 4 0 1 - 0 . 0 3 5 6 . 0 0 2 . 0 3 0
, 1 0 . 3 9 1 5 . 0 4 0 . ^ 1 2 - 0 . 0 3 5 5 . 0 0 3 . 0 3 5
. 1 2 . 3 9 2 4 . 048 . 4 2 2 - 0 . 0 3 5 5 . 0 0 3 . 0 4 0
. 1 4 . 3 9 3 5 . 057 . 4 3 4 - 0 . 0 3 5 4 . 0 0 4 . 0 4 7
, 1 6 . 3 9 4 7 . 066 . 449 - 0 . 0 3 5 b . 0 0 5 . 0 5 5
. 1 0 . 3 9 6 1 . 0 7 5 . 466 - 0 . 0 3 5 2 . 00 / . 0 6 5
. 2 0 . 3 9 7 7 . 094 . 466 - 0 . 0 3 5 0 . 0 0 6 . 0 7 8
. 2 2 . 3 9 9 4 . 0 9 4 . 5 0 8 - 0 . 0 3 4 9 . 0 1 0 . 0 9 2
. 2 4 . 4 0 1 4 . 1 0 5 . 5 3 3 - 0 . 0 3 4 6 . 0 1 2 . 1 1 0
. 2 6 . 4 0 3 7 . 11  5 . 5 6 3 - 0 . 0 3 4 4 . 0 1 4 . 1 3 1
. 2 8 . 4 0 6 1 . 1 2 7 . 5 9 6 - 0 . 0 3 4 1 . 01 / . 1 5 6
. 3 0 . 4 0 8 7 . 1 3 9 . 6 3 5 - 0 . 033  / . 0 2 0 . 1 8 6
. 3 2 . 4 1 1 6 . 1 5 3 . 6 8 0 - 0 . 0 3 3 3 . 0 2 4 . 2 2 3
. 3 4 . 4 1 4 8 . 1 6 7 . 7 3 ? - 0 . 0 3 2 / . 0 2 9 . 2 6 7
. 36 . 4 1 8 3 . 1 8 2 . 794 - 0 . 0 3 2 1 . 0 3 5 . 3 2 1
. 3 8 . 4 2 2 1 . 1 9 8 . »67 - 0  . 0 3 1 3 . 0 4 2 . 3 8 7
. 4 0 . 4 2 6 3 . 2 1 7 . 8 9 0 - 0 . 0 3 0 4 . 0 5 1 . 4 6 6
. 4 2 . 4 3 0 8 . 2 3 8 1 . 1 5 1 - 0 . 0 2 9 3 . 0 6 1 . 5 6 0
. 4 4 . 4 3 5 8 . 2 6 3 1 . 3 0 0 - 0  . 0 2 7 9 . 0 7 3 . 6 7 5
. 4 6 . 4 4 1 3 . 2 9 0 1 . 4 3 8 - 0 . 0 2 6 3 . 0 8 8 . 8 1 3
. 4 8 . 4 4 7 4 . 3 2 0 1 . 5 7 ? - 0 . 0 2 4 4 . 1 0 6 . 9 7 9
. 5 0 . 4 5 4 2 . 3 5 3 1 . 7 0 3 - 0 . 0 2 2 1 . 1 2 7 1 , 1 7 6
. 5 2 . 4 6 1 6 . 3 9 8 1 . »31 - 0 . 0 1 9 3 . 1 5 3 1 . 4 0 9
. 5 4 . 4 6 9 7 . 4 2 6 1 . 8 5 « - 0 . 0 1 5 9 . 1 8 4 1 . 6 8 4
. 5 6 . 4 7 8 6 . 4 6 7 8 , 0 8 7 - 0  . O l i v . 2 2 1 2 . 0 0 8
. 5 8 . 4 8 8 4 . 5 1 0 8 . 8 1 « - 0 . 0 0 7 0 . 2 6 5 2 . 3 8 9
. 6 0 . 4 9 9 1 . 5 5 5 8 . 3 5 ? - 0 . 0 0 1 4 . 3 1 / 2 . 8 3 5
. 6 2 . 5 1 0 6 . 6 0 4 8 . 4 9 0 . 0 05  / . 3 7 9 3 . 3 5 5
. 6 4 . 5 2 3 2 . 6 5 5 8 . 6 3 ? . 0 1 4 0 . 4 5 2 3 . 9 6 1
. 66 . 5 3 6 9 . 7 0 9 8 . 760 . 0 2 3 9 . 5 3 8 4 . 6 6 7
. 6 8 . 5 5 1 6 . 7 6 6 8 . 834 . 0 3 5 6 . 6 3 9 5 . 4 8 7
. 7 0 . 5 6 7 5 . 8 2 7 7 . 0 9 4 . 0 4 9 6 . / 58 6 . 4 3 8
. 7 2 . 5 8 4 7 . 6 9 0 3 . ? 6 ? . 0 6 6 1 . 8 9 8 7 , 5 3 9
. 7 4 . 6 0 3 2 . 9 5 7 3 . 4 3 8 . 085  / 1 . 0 6 1 8 , 8 1 3
. 7 6 . 6 2 3 0 1 . 0 2 8 3 . 6 2 3 . 1 0  8 / 1 . 2 5 1 1 0 . 2 6 5
. 7 8 . 6 4 4 3 1 . 1 0 2 3 . 8 1 7 . 1 3 5 9 1 . 4 7 4 1 1 . 9 8 3
. 8 0 . 6 6 7 1 1 . 1 9 0 4 . 0 2 ? . 1 6  7 9 1 . / 33 1 3 . 9 4 2
. 8 2 . 6 9 1  5 1 . 2 6 3 4 . 2 3 « . 2 0 5 5 2 . 0 3 3 1 6 . 1 9 8
. 8 4 . 7 1 7 / 1 . 3 5 0 4 , 4 6 7 . 2 4 9 ö - 2 . 3 8 3 1 8 . 7 9 5
, 8 6 . 7 4 5 6 1 . 4 4 2 4 . 7 1 0 . 3 0 1 2 2 . 7 8 8 2 1 . 7 8 2
. 8 8 . 7 7 5 4 1 . 5 3 8 4 . 9 6 6 . 3 6 1 5 3 . 2 5 7 2 5 . 2 1 4
. 9 0 . 8 0 7 2 1 . 6 4 1 5 . 8 3 8 . 4 3 1 9 3 . 8 0 0 2 9 . 1 5 7
. 9 2 . 8 4 1 1 1 . /  4 6 5 . 5 3 0 . « 1 4 1 4 . 4 2 / 3 3 . 6 8 8
. 9 4 . 8 / 7 1 1 . 8 6 2 5 . «40 . 6 0 9  / 5 . 1 5 2 3 8 . 8 8 7
. 9 6 . 9 1 5 5 1 . 9 8 2 6 . 1 / « . / 2 0 9 5 . 9 8 / 4 4 . 8 6 3
. 9 8 . 9 5 6 4 2 . 1 0 8 6 . 5 3 6 . 8 5 0 0 6 . 9 5 1 5 1 . 7 2 4
1 . 00 1 . 0 0 n 0 2 . 2 4 2 1 8 . 8 4 0 1 . 0 0 0 u 8 . U 61 7 2 . 2 6 7
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'! = 10 M o d  e ’l o d e  M
* • T n " n * n "
0 . 0 1 4 4 0 - n . 0 3 9 - 0  . 0 C 8 0 0 . 0 4 3
. 0 2 . 0 1 4 3 - 0 . 0 0 1 - n . 0 3 9 - 0 . 0 0 7 9 . 0 0 1 . 0 4 3
. 0 4 . 0 1 4 3 -  0 . U 0 2 - 0 . 0 3 0 - 0 . 0 0 7 9 . 0 0 2 . 0  4 3






D1 . 0 0 3 . 0 4 5
. 0 8 . 0 1 4 2 - 0  . U 03 - 0 . 0 4 5 - 0 . 0 0 7 b . 0 0 4 . 0 4 8
. 1 0 . 0 1 4 2 - 0 . 0 0 4 - 0 . 0 4 0 - 0 . 0 0 7 / . 0 0 5 . 0 5 1
. 1 2 . 0 1 4 1 -  0 . U 05 - 0 . 0 5 4 - 0 . 0 0 7 6 . 0 0 6 . 0 5 4
. 1 4 . 0 1 3 9 - 0 . 0 0 6 - 0 . 0 0 0 - 0  . 0 0 7 5 . 0 0 / . 0 5 9
. 1 6 . 0 1 3 8 - 0 . 0 0 8 - 0  . 0 6 7 - 0 . 0 0 7 4 . 0 0 8 . 0 6 4
. 1 8 . 0 1 3 6 - 0  . 0 0 9 - 0 . 0 7 5 - 0 . 0 0 7 2 . 0 0 9 . 0 7  0
, 2 0 . 0 1 3 4 - 0 . 0 1 1 -  0 . 0 8 5 - 0 . 0 0 7 0 . 0 1 1 . 0 7 7
. 2 2 . 0 1 3 2 - 0  . 0 1 2 - 0  . 0 9 6 - 0 . 0 0 6 8 . 0 1 2 . 0 8 5
. 2 4 . 0 1 2 9 - 0 . 0 1 5 - 0 . 1 0 Q - 0 . 0 0 6 5 . 0 1 4 . 0 9 4
. 2 6 . 0 1 2 6 - 0 . 0 1 7 - 0 . 1 2 5 - 0  . 0 0 6 2 . Old . 1 0 3
. 2 8 . 0 1 2 3 - 0 . 0 2 0 - 0 . 1 4 2 -  0 . 0 0 5 9 . 0 1 8 . 1 1 4
, 3 0 . 0 1 1 8 - 0 . 0 2 3 - 0 . 1 6 3 - 0 . 0 0 5 5 . 0 2 1 . 1 2 5
. 3 2 . 0 1 1 4 - 0 . 0 2 6 - 0 . 1 8 7 - 0 . 0 0 5 0 . 0 2 3 . 1 3 7
. 3 4 . 0 1 0 8 - 0 . 0 3 0 - 0 . 2 1 4 - 0 . 0 0 4 5 . 0 2 6 . 1 4 9
. 3 6 . 0 1 0 1 - 0 . 0 3 5 - 0 . 0 4 6 - 0 . 0 0 4 0 . 0 2 9 . 1 6 0
. 3 8 . 0 0 9 4 - 0 . 0 4 0 - 0 . 2 8 3 - 0 . 0 0 3 4 . 0 3 3 . 1 7 2
. 4 0 . 0 0 8 8 - 0 . 0 4 6 - 0 . 3 2 4 - 0 . 0 0 2 / . 0 3 6 . 1 8 1
. 4 2 . 0 0 7 6 - 0 . 0 5 3 - 0 . 3 6 0 - 0 . 0 0 1 9 . 0 4 0 . 1 8 6
. 4 4 . 0 0 6 4 - 0 . 0 6 1 - 0 . 4 1 8 - 0 . 0 0 1 1 . 0 4 3 , 1 8 4
. 4 6 . 0 0 5 1 - U  . 0 7 0 - 0 . 4 6 7 - 0 . 0 0 0 2 . 0 4 / . 1 7 1
. 4 8 . 0 0 3 6 - 0 . 0 8 0 - 0 . 5 1 6 . 0 0 0 8 . 0 5 0 . 1 4 4
. 5 0 . 0 0 1 9 - 0  . 0 9 0 -  0 . 5 6 0 . 0 0 1 8 . 0 5 3 . 0 9 7
. 5 2 . 0 0 0 0 - 0 . 1 0 2 - 0 . 5 9 4 . 0 0 2 9 . 0 5 4 . 0 2 4
. 5 4 - 0 . 0 0 2 2 - U  . 1 1 4 - 0 . 6 1 1 . 0 0 4 0 . 0 5 3 - 0 . 0 8 1
. 5 6 -  0 . 0 0 4 ö - 0 . 1 2 6 - 0 . 6 0 2 . 0 0 5 0 . 0 5 0 - 0 . 2 2 5
. 5 8 - 0 . 0 0 7 2 - 0 . 1 3 8 - 0 . 5 5 3 . 0 0 6 0 . 0 4 4 - 0 . 4 1 4
. 6 0 - 0  . 0 1 0 0 - 0 . 1 4 b - 0 . 4 4 8 . 0 0 6 8 . 0  3 4 - 0 . 6 5 4
. 6 2 - 0 . 0 1 3 1 - 0 . 1 5 5 - O . 2 6 5 . 0 0 7 o> . 0 1 8 - 0 . 9 4 8
. 6 4 - 0 . 0 1 6 2 - 0 . 1 5 8 . 0 2 7 . 0 0 7 4 - 0  . 0 0 5 - 1  . 2 9 2
. 6 6 -  0 . 0 1 o  3 - 0 . 1 5 3 . 4 6 5 . 0 0 7 0 - 0 . 0 3 4 - 1 . 6 7 6
. 6 8 - 0 . 0 2 2 3 - 0 . 1 3 8 1 . 0 9 6 . 0 0 6 0 - 0 . 0 7 2 - 2 . 0 7 0
. 7 0 - 0 . 0 2 4 8 - U . 1 0 6 1 . 9 8 4 . 0 0 4 1 - U . i l / - 2 . 4 2 7
. 7 2 - 0  . 0 2 6 4 - 0 . 0 5 6 3 . 2 0 8 . 0 0 1 3 -  0 . 1 6 b - 2 . 6 6 1
. 7 4 - 0 . 0 2 6 8 . 0 2 4 4 . 8 6 6 - 0 . 0 0 2 6 - 0 . 2 2 2 - 2 . 6 4 0
. 7 6 - 0 . 0 2 5 2 . 1 4 2 7 . 0 8 5 - 0 . 0 0 7 6 - 0 . 2 7 1 - 2 . 1 5 7
. 7 8 - 0 . 0 2 0 8 . 3 1 2 1 0 . 0 2 2 - 0 . 0 1 3 3 - U . 3 0 3 - 0 . 9 0 3
. 8 0 - 0 . 0 1 2 3 . 5 4 9 1 3 . 8 / 7 - 0 . 0 1 9 4 - 0 . 2 9 9 1 . 5 7 5
. 8 2 . 0 0 1 8 . 8 7 5 1 8 . 8 9 5 - 0 . 0 2 4 b - 0 . 2 2 / 5 . 9 3 3
. 8 4 . 0 2 3 4 1 . 3 1 5 2 5 . 3 8 8 - 0 . 0 2 7 8 - 0 . 0 4 3 1 3 . 1 0 3
. 8 6 . 0 5 5 3 1 . 9 0 3 3 3 . 7 3 8 - 0 . 0 2 5 3 . 3 2 4 2 4 . 4 0 7
. 8 8 . 1 0 0 8 2 . 0 8 0 4 4 . 4 2 2 - 0 . 0 1 2 9 . 9 7 4 4 1 . 6 8 2
. 9 0 . 1 6 4 2 3 . 0 9 9 5 8 . 0 2 6 . 0 1 6 5 2 . 0 4 9 6 7 . 4 7 4
. 9 2 . 2 5 0 8 5 . 0 2 6 7 5 . 2 8 5 . 0 / 3 3 3 . 7 5 4 1 0 5 . 2 8 0
. 9 4 . 3 6 7 8 6 . 7  4 2 9 7 . 0 8 3 . 1 / 2 8 6 . 3 7 / 1 5 9 . 8 5 0
. 9 6 . 5 2 3 8 8 . 9 5 0 1 2 4 . 5 0 0 . 3 3 7 3 1 0 . 3 1 5 2 3 7 . 5 0 0
. 9 8 . 7 3 0  0 1 1 . I l l 1 5 0 . 1 4 0 . 5 9 8 4 1 6 . 1 4 4 3 4 8 , 8 7 0
1 . 0 0 1 . ooou 1 5 . 3 7 7 2 2 7  . 7 8 0 1 . oono 2 4 , 5 8 3 5 3 6 . 0 9 0
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4  -
' 1 * 1 0 ' i c  ! ' o l e  6
f U 0 n ' n "
0 . 0 0 5 1 0 > 0 . 0 4 4 - 0 . 0 0 3 6 0 . 0 4 4
. 0 2 . 0 0 5 1 - 0 . 0 0 1 - 0 . 0 4 4 - 0 . 0 0 3 6 . 0 0 1 . 0 4 4
. 0 4 . 0 0 5 1 - 0 . 0 0 2 -  n . (J 4 4 -  0 . 0 U 3 6 . U 0 2 . 0 4 4
. 0 6 . 0 0 5 1 -  0 . Ü 0 3 > n . o 4 5 - 0 . 0 0 3 5 . U 0 3 . 0 4 5
. 0 8 . 0 0 5 0 -  0 . U 0 4 - 0 . 0 4 7 - 0 . 0 0 3 5 . 0 0 4 . 0 4 6
. 1 0 . 0 0 4 9 - 0 . 0 0 5 - n . O d O - 0 . 0 0 3 4 . 0 0 5 . 0 4 8
. 1 2 . 0 0 4 b - 0 . 0 0 6 - 0 . 0 6 2 - 0 . 0 0 3 6 . 0  0 6 . 0 5 0
. 1 4 . 0 0 4 7 - 0 . 0 0 7 - 0 . 0 5 6 - 0 . 0 0 3 2 . 0 0 / . 0 5 1
. 1 6 . 0 0 4 5 - U  . 0 0 8 - n  . 0 6 9 - 0 . 0 0 3 0 . 0 0 8 . 0 5 3
. 1 8 . 0 0 4 4 - 0 . 0 0 9 - 0 . 0 6 3 - 0 . 0 0 2 9 . 0 0 9 . 0 5 5
. 2 0 . 0 0 4 2 -  0 . Ü 10 - 0 . 0 6 7 - 0 . 0 0 2 / . U 1 U . 0 5 6
. 2 2 . 0 0 4 0 - Ü  . 0 1 2 - 0 . 0 / 2 - 0 . 0 0 2 6 . 0 1 1 . 0 5 7
. 2 4 . 0 0 3 7 - 0 . 0 1 3 - 0 . 0 / 6 - 0 . 0 0 2 2 . 0 1 2 . 0 5 7
. 2 6 . 0 0 3 4 - 0  . U 1 5 -  0 . 0 8 0 - 0 . 0 0 2 0 . 0 1 3 . 0 5 7
. 2 8 . 0 0 3 1 - 0 . 0 1 6 - 0 . 0 8 4 - 0 . 0 0 1 / . 0 1 4 . 0 5 4
. 3 0 . 0 0 2 8 - 0 . 0 1 8 - 0 . 0 8 6 - 0 . 0 0 1 4 . 0 1 5 . 0 5 0
. 3 2 . 0 0 2 4 - 0  . 0 2 0 -  0 . O b B - 0 . 0 0 1 1 . 0 1 6 . 0 4 3
. 3 4 . 0 0 2 0 - 0 . 0 2 2 - 0 . 0 8 7 -  0 . 0 0 0 8 . 0 1 7 . 0 3 2
. 3 6 . 0 0 1 5 - 0 . 0 2 3 - 0 . 0 8 3 -  0 . 0 0 0 4 . 0 1 8 . 0 1 7
. 3 8 . 0 0 1 1 - 0 . 0 2 5 - 0 . 0 / 5 - 0 . 0 0 0 1 . 0 1 8 - 0 . 0 0 3
. 4 0 . 0 0 0 5 - 0 . 0 2 6 - 0 . 0 6 2 . 0 0 0 6 . 01  / - 0 , 0 2 9
. 4 2 . 0 0 0 0 - 0 . 0 2 7 - 0 . 0 4 0 . 0 0 0 6 . 0 1 6 - 0 . 0 6 3
. 4 4 - 0 . 0 0 0 5 - 0 . 0 2 8 - 0 . 0 0 7 . 0 0 0 9 . 0 1 5 - 0 , 1 0 5
. 4 6 - 0 . 0 0 1 1 - 0 . 0 2 8 . 0 3 « . 0 0 1 2 . 0 1 2 - 0 , 1 5 6
. 4 8 - 0  . 0 0 1 6 - 0 . 0 2 6 . 0 9 9 . 0  0 1 4 . 0 0 9 - 0 . 2 1 3
. 5 0 - 0 . 0 0 2 1 - 0 . U 2 3 . 1  77 . 0 0 1 5 . 0 0 4 - 0 . 2 7 5
. 5 2 - 0 . 0 0 2 6 - 0  . U 1 9 . 2 / 3 . 0 0 1 5 - U  . 0 0 2 - 0 , 3 3 4
. 5 4 - 0 . 0 0 2 9 - 0 . 0 1 2 . 3 8 6 . 0 0 1 4 - 0  . U 10 - 0 , 3 8 3
. 5 6 - 0 . 0 0 3 0 - 0 . 0 0 3 . 5 1 0 . 0  0 1 2 - U . 0 1 8 - 0 . 4 0 9
. 5 8 - 0 . 0 0 3 0 . 0 0 8 . 6 3 2 . 0 0 0 / - 0 . 0 2 6 - 0 . 3 9 7
. 6 0 - 0 . 0 0 2 7 . 0 2 2 . 7 6 6 . 0 0 0 1 - U . 0 3 3 - 0 . 3 2 9
. 6 2 - 0 . 0 0 2 1 . 0 3 8 . « 4 1 - 0 . 0 0 0 6 - U . 0 3 8 - 0 . 1 8 3
. 6 4 - 0 . 0 0 1 2 . 0  5 5 . 8 6 1 - 0 . 0 0 1 4 - 0  . 0 4 0 . 0 5 7
. 6 6 . 0 0 0 1 . 0 7 2 . 7 / 3 - 0 . 0 0 2 1 - 0 . 0 3 5 . 4 0 0
. 6 8 . 0 0 1 7 . 0 8 5 . 5 2 5 - 0 . 0 0 2 / - 0 . 0 2 3 . 8 3 6
. 7 0 . 0 0 3 4 . 0 91 . 0  6 6 - 0 . 0 0 3 0 - 0 . 0 0 2 1 . 3 2 1
. 7 2 . 0 0 5 2 . 0 9 5 - 0 . 6 9 3 - 0 . 0 0 2 / . 0 2 9 1 . 7 6 1
. 7 4 . 0 0 6  7 . 0 6 1 - 1 . 7 6 2 - 0 . 0 0 1 8 . 0 6 / 1 . 9 9 3
. 7 6 . 0 0 7 5 . 0 1 3 - 3 . 1 3 9 - 0 . 0 0 0 0 . 1 0 6 1 . 7 7 0
. 7 8 . 0 0 7 1 - 0 . 0 6 5 - 4 . 7 0 3 . 0 0 2 4 . 1 3 3 . 7 7 1
. 8 0 . 0 0 4 7 - 0 . 1 7 4 - 6 . 1 2 5 . 0 0 5 1 . 1 2 9 - 1 . 3 4 2
. 8 2 - 0 . 0 0 0 1 - 0 . 3 0 5 - 6 . 7 1 ? . 0 0 7 2 . 0 7 1 - 4 . 7 6 0
, 8 4 - 0 . 0 0 7 5 - 0 . 4 2 9 - 5 , 1 6 1 . 0 0 7 4 - 0 . 0 6 8 - 9 . 1 6 1
. 8 6 - 0 . 0 1 6 8 - 0 . 4 8 2 . 8 2 9 . 0 0 3 9 - U . 2 9 3 - 1 2 . 9 6 0
. 8 8 - 0 . 0 2 5 5 - 0 . 3 4 0 1 5 . 1 4 8 - 0 . 0 0 4 6 - 0 . 5 5 5 - 1 1 . 9 1 3
. 9 0 - 0 . 0 2 7 6 . 2 2 2 4 4 . 1 6 7 - 0 . 0 1 7 5 - 0 . 6 7 6 3 . 4 2 7
. 9 2 - 0 . 0 1 1 2 1 . 5 9 6 9 8 . 0 1 0 - 0 . 0 2 7 b - 0 . 1 9 / 5 2 . 1 5 0
. 9 4 . 0 4 5 9 4 . 4 2 1 1 9 ^ . 5 2 0 - 0  . 0 1 4 9 1 . 8 8 0 1 7 0 . 4 9 0
. 9 6 . 1 8 2 6 9 . /  5 b 3 5 1 . 7 8 0 . 0 / 1 6 /  . 5 7 3 4 2 3 . 9 8 0
. 9 8 . 4 6 5 6 1 9 . 6 4 6 6 1 9 . 5 3 0 . 3 4 0 2 2 U . 9 0 8 9 4 6 . 7 5 0
1 . 0 0 1.0000 3 5 . 6 4 9 1 0 9 0  . «0  0 1.0000 4 8 . 5 4 3 1 9 8 4 . 6 0 0
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' N i b " o d o  1 ' l ode  2
X n n ' r ,  M r) n ' n "
0 . 4 5 5  7 0 . 4 1 7 - 0 . 0 3 7 5 Ü . 0 3 1
. 02 . 4 5 5 6 . 0 0 9 . 4 1 7 - 0 . 0 3 7 5 . 0 0 1 . 0 3 1
. 0 4 . 4 5 6 0 . 0 1 7 . 4 1 7 - 0 . 0 3 7 5 . 0 0 1 . 0 3 2
. 0 6 . 4 5 6 5 . 0 2 5 . 4 1 9 - 0 . 0 3 7 5 . 0 0 2 . 0 3 5
. 0 6 . 4 5 7 Ü . 0  34 . 4 3 0 - 0 . 0 3 7 4 . 0 0 3 . 0 3 9
. 1 0 . 4 5 7 8 . 0 4 2 . 4 3 9 - 0 . 0 3 7 4 . 0 04 . 0 4 4
. 1 2 . 4 5 8 7 . 0 5 1 . 4 4 9 -  0 . 0 3 7 3 . 0 0 4 . 0 5 0
. 1 4 . 4 5 9 8 . 0 6 0 . 4 6 0 - 0 . 0 3 7 2 . 0 0 6 . 0 5 8
. 1 6 . 4 6 1 2 . 0 7 0 . 4 7 3 - 0 . 0 3 7 1 . 0 0 7 . 0 6 7
. 1 8 . 4 6 2 6 . 0 7 9 . 4 8 8 - 0 . 0 3 6 9 . 0 0 8 . 0 7 9
. 2 0 . 4 6 4 3 . 0 8 9 . 5 0 5 -  0 . 0 3 6 7 . 0 1 0 . 0 9 2
. 2 2 . 4 6 6 2 . 1 0 0 . 5 2 5 -  0 . 0 3 6 5 . 0 1 2 . 1 0 9
. 2 4 . 4 6 8 3 . 1 1 0 . 5 4 6 - 0 . 0 3 6 2 . 0 1 4 . 1 2 8
. 2 6 . 4 7 0 7 . 1 2 1 . 5  71 -  0 . 0 3 5 9 . 0 1 / . 1 5 1
. 2 8 . 4 7 3 1 . 1 3 3 . 5 9 8 -  0 . 0 3 5 6 . 0 2 0 . 1 7 8
. 3 0 . 4 7 6 0 . 1 4 5 . 6 2 9 -  0 . 0 3 5 1 . 0 2 4 . 2 1 1
. 3 2 . 4 7 0 0 . 1 5 8 . 6 6 3 - 0 . 0 3 4 6 . 0 2 9 . 2 5 0
. 3 4 . 4 8 2 3 . 1 7 2 . 7 0 2 - 0 . 0 3 3 9 . 0 3 4 . 2 9 6
. 3 6 . 4 8 5 9 . 1 8 6 . 7 4 6 - 0 . 0 3 3 2 . 0 4 1 . 3 5 1
. 3 8 . 4 8 0 7 . 2 0 2 . 7 9 7 -  0 . 0 3 2 3 . 0 4 8 . 4 1 7
. 4 0 . 4 9 3 9 . 2 1 8 . « 5 5 - 0  . 0 3 1 3 . 0 5 8 . 4 9 7
. 4 2 . 4 9 8 5 . 2 3 6 . 9 2 5 - 0 . 0 3 0 0 . 0 6 8 . 5 9 4
. 4 4 . 5 0 3 4 . 2 5 5 1. . 0 2 7 -  0 . 0 2 8 5 . 0 8 1 . 7 1 2
. 4 6 . 5 0 8  / . 2 7 7 1 . 1 6 5 - 0 . 0 2 6 7 . 0 9  7 . 8 5 3
. 4 8 . 5 1 4 5 . 3 0 3 1 . 3 3 0 - 0 . 0 2 4 6 . 1 1 6 1 . 0 2 0
.*50 . 5 2 0 9 . 3  31 1 . 4 6 5 -  0 . 0 2 2 1 . 1 3 b 1 . 2 1 9
. 5 2 . 5 2 7 7 . 3 6 1 1 . 5 9 4 - 0 . 0 1 9 0 . 1 6 6 1 . 4 5 4
. 5 4 . 5 3 5 3 . 3 9 4 1 . 7 1 7 - 0  . 0 1 5 4 . 1 9 / 1 . 7 3 2
. 5 6 . 5 4 3 6 . 4 3 0 1 . 8 3 5 - 0 . 0 1 1 1 . 2 3 4 2 . 0 5 7
. 5 8 . 5 5 2 5 . 4 6 6 1 . 9 5 3 - 0 . 0 0 6 0 . 2 7 9 2 . 4 3 9
. 6 0 . 5 6 2 3 . 5 0 8 9 . 0 6 9 . 0 0 0 1 . 3 3 2 2 . 8 6 5
. 6 2 . 5 7 2 9 . 5  51 9 . 1 8 5 . 0 0 73 . 3 9 5 3 . 4 0 4
. 6 4 . 5 8 4 3 . 5 9 5 9 . 3 0 1 . 0 1 5 9 . 4 6 9 4 . 0 0 8
. 6 6 . 5 9 6 7 . 6 4 3 2 . 4 1 9 . 0 2 6 2 . 5 5 6 4 . 7 1 0
. 6 8 . 6 1 0 1 . 6 9 2 9 . 5 4 0 . 0 3 8 3 . 6 5 8 5 . 5 2 3
. 7 0 . 6 2 4 4 . 7 44 9 . 6 6 ? . 0 5 2 6 . 7 7 8 6 . 4 6 4
. 7 2 . 6 3 9 8 . /  99 9 . 7 8 9 . 0 6 9 5 . v i a 7 . 5 5 2
. 7 4 . 6 5 6 4 . 8 5 6 9 . 9 1 9 . 0 6 9 5 1 . 0 8 1 8 , 8 0 6
. 7 6 . 6 7 4 1 . 9 1 6 3 . 0 5 4 . 1 1 3 0 1 . 2 7 1 1 0 . 2 5 2
. 7 8 . 6 9 3 0 . V 7 8 3 . 1 * 3 . 1 4 0 5 1 . 4 9 3 1 1 . 9 1 6
. 8 0 . 7 1 3 2 1 . 0 4 3 3 . 3 4 0 . 1 7 2 9 1 . 75 0 1 3 . 8 3 2
. 8 2 . 7 3 4 8 1 . 1 1 2 3 . 4 9 3 . 2 1 0 8 2 . 0  4 8 1 6 . 0 3 3
. 8 4 . 7 5 7 7 1 . 1 8 3 3 . 6 5 3 . 2 5 5 1 2 . 3 9 3 1 8 . 5 6 1
. 8 6 . 7 8 2 1 1 . 2 5 6 3 . 8 2 ? . 3 0 6 9 2 . 7 9 3 2 1 . 4 6 2
. 8 8 . 8 0 8 1 1 . 3 3 6 4 , 0 0 0 . 36  73 3 . 2 5 4 2 4 . 7 9 1
. 9 0 . 8 3 5 6 1 . 4 1 6 4 . 1 6 6 . 4 3 7 6 3 . 7 8 7 2 8 . 6 0 3
. 9 2 . 8 6 4 8 1 . 5 0 3 4 . 3 8 1 . 5 l 9 o 4 . 4 0 2 3 2 . 9 6 6
. 9 4 . 8 9 5  / 1 . 5 9 3 4 . 5 6 8 . 6 1 4 o 5 . 1 1 0 3 7 . 9 6 4
. 9 6 . 9 2 8 5 1 . 6 8 7 4 . 8 1 0 . 7 2 4 4 5 . 9 9 6 4 3 . 7 2 7
. 9 8 . 9 6 3 2 1 . 7  85 5 . 0 4 7 . Öb2 1 6 . 8 6 4 5 0 , 2 9 6
1 . 0 0 1 . 0 0 0 0 1 . 8 8 9 1 0 . 711 1 . 0 0 0 o 7 . 9 4 3 6 9 . 8 6 0
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M »l 5 _______________ l o l  m__3_______________
V M i ’ V n n ' n M
0 . 0 1 5 2 0 - 0 . 0 4 6 - 0 . 0 0 8 4 U . 0 47
.02 . 0 1 5 2 -  U . U 0 1 -0 . 045 - 0.0 U 84 . 0 01 . 0 4 7
.04 . 0 1 5 2 - 0 . 0 0 2 - n . 045 - 0 . 0 0 8 4 . U 02 . 0 4 7
.06 . 0 1 5 2 - 0 . 0 0 3 -0 . 047 - 0 . 0 0 8 4 . 0 03 . 04 9
. 0 ö . 0 1 5 1 - 0 . 0 0 4 - 0 . 051 - 0 . 0 0 8 3 . 004 . 05 2
.10 . 0 1 5 0 - U  . U 05 - 0 . 0 5 5 - 0 . 0 0 8 2 . 00 6 . 05 6
.12 . 0 1 4 9 - 0 . 0 0 6 - 0 . 0 6 1 - 0 . 0 0 8 1 . 0 0 6 . 060
.14 . 0 1 4 8 - 0 . 0 0 7 - n . 067 - 0 . 0 0 8 0 .00 7 . 0 6 5
.16 . 0 1 4 6 - 0 . 0 0 9 - 0 . 0 7 5 - 0 . 0 0 7 b . 0 09 .07 0
.18 . 0 1 4 4 - 0 . 0 1 0 - 0 . 0 8 3 - 0 . 0 0 7 6 . Ü 1 U . 0 7 7
.20 . 0 1 4 2 - 0 . 0 1 2 - 0 . 0 9 4 - 0 . 0 0 7 4 . 0 12 . 0 84
.22 . 0 1 3 9 - 0 . U 14 - 0 . 1 0 6 - 0 . 0 0 7 1 . 014 . 0 9 2
.24 . 0 1 3 6 - 0 . 0 1 6 - 0 . 1 2 0 - 0 . 0 0 6 8 . 0 1 6 .101
.26 . 0 1 3 3 - 0 . 0 1 9 -0 . 136 - 0 . 0 0 6 5 . 0 1 6 . 111
.28 . 0 1 2 9 - 0 . 0 2 2 - 0 . 1 5 5 - 0 . 0 0 6 1 .020 . 121
.30 . 0 1 2 4 - 0 . 0 2 5 - 0 . 1 7 6 - 0 . 0 0 5 / . 02 2 . 1 32
.32 . 0 1 1 9 - 0 . 0 2 9 - 0 . 2 0 0 - 0 . 0 0 5 2 . 02 6 . 1 43
.34 . 0 1 1 3 - 0 . 0 3 3 - 0 . 2 2 7 - 0 . 0 0 4 / . 026 . 154
. 36 . 0 1 0 5 - 0 . 0 3 8 - 0 . 2 5 7 - 0 . 0 0 4 1 . 031 . 1 6 3
.38 . 0 09 7 - 0 . 0 4 3 - n .291 - 0 . 0 0 3 6 . 03 6 . 1 72
.40 . 0 0 * 8 - 0 . 0 5 0 - n .329 - 0 . 0 0 2 7 . 036 . 17 7
.42 . 0 0 77 - 0 . 0 5 7 -  n . 3 /  2 - 0 . 0 0 1 9 . 0 42 . 17 8
.44 . 0 0 65 - 0 . 0 6 4 - 0 . 4 1 8 - 0 . 0 0 1 1 . 04 6 . 174
.46 . 0 0 5 2 - 0 . 0 7 3 -  0 . 4 6 6 - 0 . 0 0 0 1 . 049 . 1 5 9
.48 . 0 0 3 6 - 0 . 0 8 3 - 0 . 5 1 2 . 0 0 0 9 . 052 . 1 29
.50 . 0 0 1 8 - 0. 0 94 - n .55 3 . 0 0 1 9 . 054 . 0 79
.52 - 0 . 0 0 0 2 - 0 . 1 0 5 - 0 . 5 6 3 . Ü 0 3 U . 0 55 . 0 0 3
.54 - 0 . 0 0 2 4 - 0 . 1 1 7 - n . 59 6 . 0 0 41 . 05 4 - 0 . 1 0 4
.56 - 0 . 0 0 4 8 - 0 . 1 2 9 - 0 . 5 6 1 . 0 05 2 . 050 - 0 . 2 5 1
.58 - 0 . 0 0 7 5 - 0 . 1 4 0 - 0 . 5 2 5 . 0 061 . 043 -0 . 4 4 3
.60 - 0 . 0 1 0 4 - 0 . 1 4 9 - n  . 41 2 . 0 069 . 032 - 0 . 6 8 5
.62 - 0 . 0 1 3 5 - 0 . 1 5 6 -0 . 210 . 0 0 76 . 01 6 - 0 . 0 7 9
.64 -0 . 0 1 6 6 - Ü . 1 5 7 . 064 . 0 0 7 4 - U  . 00 / - 1 . 3 2 1
. 66 - 0 . 0 1 0 7 - Ü . 1 5 2 . 53 4 . Ü 0 7 Q - U . U 36 - 1 . 7 0 0
.68 - 0 . 0 2 2 6 - 0 . 1 3 5 1 . 1 7 0 . 0 059 - 0 . 0 7 5 - 2 . 0 6 5
.70 -0 . 0 2 5 U - 0 . 1 0 3 0 . 0 6 2 . 0 039 - 0 . 1 2 1 - 2 . 4 2 8
.72 - 0 . 0 2 6 6 - 0 . 0 4 9 3 . 3 2 0 . 0 0 1 0 -0 . 17 2 - 2 . 6 4 2
.74 - 0 . 0 2 6 8 . 0 3 3 4 . 99 1 - 0 . 0 0 3 0 - 0 . 2 2 3 - 2 . 5 9 2
.76 - 0 . 0 2 5 0 . 1 5 4 7 . 2 2 0 - 0 . 0 0 7 9 - 0 . 2 7 2 - 2 . 0 7 2
.78 - 0 . 0 2 0 3 . 3 2 7 1 0 . 1 6 1 - 0 . 0 1 3 7 - U . 3 0 2 - 0 , 7 7 3
.80 - 0 . 0 1 1 5 . 5 6 7 1 4 . 0 1 0 - 0 . 0 1 9 b - U  . 295 1 . 7 5 6
.82 . 0 030 . 8 9 5 1 0 . 0 0 0 - 0 . 0 2 5 1 - U  .220 6 . 1 6 6
.84 . 0 2 5 1 1 . 3 3 7 2 5 . 4 6 9 - 0 . 0  2 76 - U . 0 3 0 1 3 . 3 8 2
, 86 . 0 5 7 4 1 . 9 2 5 3 3 . 7 3 4 - 0 . 0 2 5 1 .3 45 2 4 . 7 0 4
. 88 . 1 0 3 3 2 . 7 0 1 4 4 . 3 0 0 - 0 . 0 1 2 2 . 996 4 1 . 9 4 4
.90 . 1 6 7 1 3 . 716 5 7 . 72 2 . 0 1 7 7 4 . 0 7 7 6 7 , 6 0 3
.92 . 2 5 4 0 5 . 0 3 4 7 4 . 7 0 5 . 0 751 3 . /83 1 0 5 . 1 0 0
.94 .371 0 6 . / 3 5 9 6 . 1 0 8 . 1 / 5 1 6 . 3 9 6 1 5 9 . 0 0 0
.96 . 5 2 6 7 8 . 9 1 8 1 2 3 . 0 2 0 . 3 3 9  7 1 Ü . 31 U 2 3 5 . 7 6 0
.98 . 7 3 1 9 11 . 710 1 5 6 . 0 6 0 . 6 0 0 3 1 6 . 0 8 9 3 4 5 . 4 2 0
1 . 0 0 1 . 0 0 n U 1 5 . 2 5 6 2 1 0 . 5 6 0 1 . 0 0 0 0 2 4 . 4 3 4 5 2 8 . 5 3 0
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fi i i - x r i
M  =  1 5 • V ;  J 1 o  i o  b
1 n '
ttn n n * ItR
0 . 0  0 5 4 0 -  n .  0 4 7 -  0 . 0 0 3 8 0 . 0 4 7
. 0 2 . 0 0 5 4 - Ü  . 0 0 1 - 0 . 0 4 7 - 0 . 0 0 3 8 . 0 0 1 . 0 4 7
. 0 4 . 0 0 5 4 - Ü  . 0 0 2 - 0  .  0 4 7 - 0 . 0 0 3 / . 0 0 2 . 0 4 7
. 0 6 .  0 0 5 3 - 0  . U 0 3 - n .  0 4 Q - 0 . 0 0 3 / . 0 0 3 . 0 4 8
. 0 8 . 0 0 5 3 - 0  . Ü 0 4 - 0 , 0 5 1 - 0 . 0 0 3 6 . 0 0 4 . 0 4 9
. 1 0 .  0 0 5 2 - 0  .  0 0 5 - 0 . 0 5 4 -  0 .  U 0 3 5 . 0 0 5 . 0 5 1
. 1 2 .  0 0 5 1 - 0  .  0 0 6 - 0 . 0 5 7 -  0 .  0 0 3 4 . 0 0 6 . 0 5 3
. 1 4 .  0 0 4 9 - 0 . 0 0 7 - 0  .  0 6 0 -  0 . 0  0 3 3 . 0 0 7 . 0 5 4
. 1 6 .  0 0 4 « - 0 . 0 0 8 - 0 , 0 6 4 - 0 . 0 0 3 2 .  0 0 8 . 0 5 6
. 1 8 * 0 0 4 6 - 0 . 0 1 0 - 0 . 0 6 8 -  0 .  0 0 3 0 . 0 0 9 . 0 5 8
. 2 0 . 0 0 4 4 - 0 . 0 1 1 - 0 . 0 / 2 - 0 . 0 0 2 8 .  U 1 U . 0 5 9
. 2 2 . 0 0 4 2 - 0 . 0 1 3 - 0 . 0 / 6 - 0 . 0 0 2 6 . 0 1 2 . 0 6 0
, 2 4 . 0 0 3 9 - 0 . 0 1 4 - 0  .  0 8 1 - 0 . U 0 2 3 . 0 1 3 . 0 6 0
. 2 6 . 0 0 3 6 - 0 . 0 1 6 - 0 . 0 8 4 - 0 . 0 0 2 1 . 0 1 4 . 0 5 8
. 2 8 . 0 0 3 2 - 0 . 0 1 8 - 0 . 0 8 7 - 0 . 0 0 1 b . 0 1 5 .  0 5 5
. 3 0 .  0 0 2 9 - 0 . 0 1 9 - 0  .  0 8 9 - 0 . 0 0 1 5 . 0 1 6 . 0 5 0
. 3 2 .  0 0 2 5 - 0 . 0 2 1 - 0 . 0 8 9 - 0 . 0 0 1 1 . 0 1 / . 0 4 1
. 3 4 .  0 0 2 0 - 0 . 0 2 3 - 0 . 0 8 7 - 0 . 0 0 0 8 . 0 1 8 . 0 2 9
. 3 6 . 0 0 1 6 - 0 . 0 2 5 - 0 . 0 8 1 - 0 . 0 0 0 4 . 0 1 8 . 0 1 3
. 3 8 . 0 0 1 1 - 0 . 0 2 6 - 0  . 0 70 -  0 .  0 0 0 0 . 0 1 8 - 0 . 0 0 9
. 4 0 .  0 0 0 5 - 0 . 0 2 7 - 0 . 0 5 3 .  0 0 0 3 . 0 1 8 - 0 . 0 3 8
. 4 2 - 0 . 0 0 0 0 - 0 . 0 2 8 - 0 . 0 2 9 .  0 0 0 7 . 0 1 / - 0 . 0 7 3
. 4 4 - 0 . 0 0 0 6 - 0 . 0 2 6 . 0 0 6 . 0 0 1 0 . 0 1 5 - 0 , 1 1 6
. 4 6 - 0 . 0 0 1 2 - 0 . 0 2 8 . 0 5 3 . 0 0 1 2 . 0 1 2 - 0 . 1 6 6
. 4 8 - 0 , 0 0 1 7 - 0 . 0 2 6 . 1 1 5 . 0 0 1 4 . 0 0 8 - 0 . 2 2 3
. 5 0 - 0 . 0 0 2 2 - 0 . 0 2 3 . 1 9 3 . 0 0 1 6 . 0 0 3 - 0 . 2 8 3
. 5 2 - 0 . 0 0 2 6 - 0 . 0 1 6 .  2 6 9 . 0 0 1 6 - 0 . 0 0 3 - 0 . 3 4 0
. 5 4 - 0 . 0 0 2 9 - 0 , 0 1 2 . 4 0 1 . 0 0 1 4 - 0 . 0 1 0 - 0 . 3 8 5
. 5 6 - 0 . 0 0 3 1 - 0 . 0 0 2 . 5 4 4 . 0 0 1 1 - 0 . 0 1 8 - 0 . 4 0 8
. 5 8 - 0 . 0 0 3 0 .  U 0 9 . 6 4 9 . 0 0 0 7 - 0 . 0 2 7 - 0 . 3 9 1
. 6 0 - 0 . 0 0 2 7 . 0 2 4 . 7 6 1 . 0 0 0 1 - 0 . 0 3 4 - 0 . 3 1 6
. 6 2 - 0 . 0 0 2 1 . 0 4 0 .  « 3 9 - 0 . 0 0 0 6 - 0 . 0 3 9 - 0 . 1 6 5
.  6 4 - 0 . 0 0 1 1 .  0 5 7 . 8 4 0 - 0  .  0 0 1 4 -  0 . 0 4 0 . 0 8 0
.  6 6 .  0 0 0 2 .  0 7 3 .  7 5 1 - 0 . 0 0 2 2 - 0 . 0 3 5 . 4 2 6
.  6 8 . 0 0 1 8 . 0  8 6 .  4 9 0 - 0 . 0 0 2 8 - 0 . 0 2 2 . 8 6 2
. 7 0 .  0 0 3 6 .  0 9 1 . 0 0 8 - 0 . 0 0 3 0 . 0 0 0 1 . 3 4 1
. 7 2 .  0 0 5 4 . 0 8 4 - 0 . 7 5 2 - 0 . 0 0 2 / . 0 3 1 1 . 7 6 9
. 7 4 .  0 0 6 8 . 0 5 9 - 1  . 8 2 7 - 0 . 0 0 1 / . 0 6 9 1 . 9 8 0
. 7 6 . 0 0 7 6 . 0 0 9 - 3 . 2 0 1 . 0 0 0 1 . 1 0 / 1 . 7 2 9
. 7 8 . 0 0 7 0 - 0 . 0 7 0 - 4 . 7 4 4 . 0 U 2 5 . 1 3 3 . 6 9 7
. 8 0 . 0 0 4 5 - 0 . 1 3 0 - 6 . 1 2 2 . 0 0 5 2 . 1 2 8 - 1 . 4 4 4
. 8 2 - 0 . 0 0 0 3 - 0 . 3 1 0 - 6 . 6 3 5 . 0 0 7 3 . 0 6 / - 4 . 8 7 0
. 8 4 - 0 . 0 0 7 8 - 0 . 4 3 1 - 4 . 9 / 4 .  0 0 7 3 - 0 . 0 7 4 - 9 . 2 3 4
.  8 6 - 0 . 0 1 7 1 - 0 . 4 7 9 1 . 1 5 5 .  0 0 3 / - U . 2 9 9 - 1 2 . 9 2 3
.  8 8 - 0 . 0 2 5 7 - 0 . 3 2 9 1 5 . 6 1 6 - 0 . 0 0 4 9 - 0 . 5 5 9 - 1 1 . 6 7 1
. 9 0 - 0 . 0 2 7 5 . 2 4 3 4 4  .  7 1 0 - 0 . 0 1 7 b - 0 . 6 7 2 3 . 9 6 0
. 9 2 - 0 . 0 1 0 6 1 . 6 2 5 9 8 . 4 8 3 - 0 . 0 2 7 9 -  0 . 1 8 0 5 2 , 9 5 2
. 9 4 .  0 4 7 2 4 . 4 5 8 1 9 2 . 4 2 0 -  0 . 0 1 4 4 1 . 9 1 4 1 7 1 . 1 9 0
. 9 6 . 1 8 4 6 9 . 7 8 0 3 5 0 . 3 1 0 .  0 / 2 8 /  .  6 1 1 4 2 3 , 5 3 0
. 9 8 . 4 6 7 4 1 9 . 3 1 0 6 1 5 . 0 1 0 . 3 4 1 8 2 0 . 8 9 9 9 4 1 . 9 9 0
1 . 0 0 1 . 0 0 0 0 3 5 . 4 6 9 1 0 7 8 . 3 0 0 1 . 0 0 0 0 4 8 . 3 4 9 1 9 6 6 . 6 0 0
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( 1 11
; i = o d  c  l ‘> 1 10  d  e  2
x n ’ r  M n n ’ n "
0 . 4 9 ^ 8 0 . 4 ^ 9 - 0 . 0 3 8 9 U . 0 3 6
. 0 2 . 4 9 4 9 . 0 0 9 . * 2 9 - 0 . 0 3 8 9 . 0 0 1 . 0 3 6
. 0 4 . 4 9 5 1 . 0 1 8 , 4 2 9 - 0 . 0 3 8 9 . 0 0 1 . 0 3 6
, 0 6 . 4 9 5 6 . 0 2 6 . 4 2 9 - 0 . 0 3 8 9 . 0 0 2 . 0 4 0
. 0 8 . 4 9 6 2 . 0 3 5 . 4 3 9 - 0 . 0 3 8 b . 0 0 3 . 0 4 4
. 1 0 . 4 9 7 0 . U 44 . 4 4 8 -  0 . 0 3 8 7 . 0 0 4 . 0 5 0
. 1 2 . 4 9 7 9 . U 5 3 . 4 ^ 9 - 0 . 0 3 8 6 . U 0 5 . 0 5 7
. 1 4 . 4 9 9 1 . 0 6 2 . 4 6 9 - 0 . 0 3 8 5 . 0 0 6 , 0 6 5
. 1 6 . 5 0 0 4 . U 72 . 4 6 2 - 0 . 0 3 8 4 . 0 0 8 . 0 7 5
. 1 8 . 5 0 1 9 . 0 8 1 . 4 9 6 - 0 . 0 3 8 2 . 0 0 9 . 0 8 8
. 2 0 . 5 0 3 7 . 0 9 1 . 5 1 2 - 0 . 0 3 8 0 . U l l . 1 0 2
. 2 2 . 5 0 5 6 . 1 0 2 . 5 3 0 -  0 . 0 3 7 8 . O l v i . 1 2 0
. 2 4 . 5 0 7  7 . 1 1 3 . 5 5 0 - 0 . 0 3 7 5 . 0 1 6 . 1 4 1
. 2 6 . 5 1 0 1 . 1 2 4 . 5 / 2 - 0 . 0 3 7 1 . 0 1 9 . 1 6 5
. 2 8 • 5 1  ? 7 . 1 3 5 . 5 9 7 - 0 . 0 3 6 / . 0 2 3 . 1 9 4
. 3 0 . 5 1 5 5 . 1 4 8 . 6 2 4 -  0 . Ü 3 6 2 . 0 2 / . 2 2 9
. 3 2 . 5 1 8 0 . 1 6 0 . 6 5 3 - 0 . 0 3 5 6 . 0 3 2 . 2 6 9
. 3 4 . 5 2 1  9 . 1 7 4 . 6 8 6 - 0 . 0 3 4 9 . U 3 b . 3 1 7
. 3 6 . 5 2 5 5 . 1 8 8 . 7 2 2 - 0  . 0 3 4 1 . 0 4 5 . 3 7 4
. 3 8 . 5 2 9 5 . 2 0 3 . 7 6 3 - 0 . 0 3 3 1 . 0 5 3 . 4 4 1
. 4 0 . 5 3 3 7 . 2 1 8 . « 0 9 - 0 . 0 3 2 0 . 0 6 2 . 5 2 1
. 4 2 . 5 3 8 2 . 2 3 5 . « 6 1 - 0 . 0 3 0 6 . 0 7 4 . 6 1 8
. 4 4 . 5 4 3 1 . 2 5 3 . 9 2 1 -  0 . 0 2 9 0
NccCD . 7 3 3
. 4 6 . 5 4 8 3 . 2 7 2 . 9 9 2 - 0 . 0 2 7 1 . 1 0 3 . 8 7 3
. 4 8 . 5 5 4 0 . 2 9 3 1 . 1 2  0 - 0 . 0 2 4 9 . 1 2 2 1 . 0 4 3
• *5 0 . 5 6 0 1 . 3 1 7 1 . 2 6 3 - 0 . 0 2 2 2 . 1 4 5 1 . 2 4 4
. 5 2 . 5 6 6 7 . 3 4 3 1 . 3 9 4 - 0  . 0 1 9 U . 1 7 2 1 . 4 8 1
. 5 4 . 5 7 3 8 . 3 7 2 1 . 5 1 7 - 0 . 0 1 5 3 . 2 0 5 1 . 7 5 9
. 5 6 . 5 8 1 . 6 . 4 04 1 . 6 3 4 -  0 . 0 1 0 8 . 2 4 3 2 . 0 8 6
. 5 8 . 5 9 0 0 . 4 3 8 1 . 7 4 6 - 0 . 0 0 5 5 . 2 8 8 2 . 4 6 8
. 6 0 . 5 9 9 1 . 4 7 4 1 . « 5 3 . 0 0 0 6 . 8 4 2 2 . 9 1 4
. 6 2 . 6 0 9 0 . 5 1 2 1 . 9 8 8 . 0 0 8 2 . 4 0 6 3 . 4 3 3
. 6 4 . 6 1 9 6 . 5 5 2 2 . 0 6 1 . 0 1 7 1 . 4 8 0 4 . 0 3 6
. 6 6 . 6 3 1 0 . 5 9 4 2 , 1 6 4 . 0 2 7 5 . 5 6 8 4 . 7 3 5
. 6 8 . 6 4 3 4 . ö 3 9 9 . 9 6 6 . 0 3 9 9 . 6 7 0 5 . 5 4 5
. 7 0 . 6 5 6 6 . 6 8 5 2 . 3 6 9 . 0 5 4 5 . /  9 Ü 6 . 4 7 9
. 7 2 . 6 7 0 8 . 7 3 3 9 . 4 / 3 . 0 / 1 6 . 9 3 0 7 . 5 5 8
. 7 4 . 6 8 6 0 . 7 8 4 9 . 5 / 9 . 0 9 1 8 1 . 0 9 4 8 . 8 0 0
. 7 6 . 7 0 2 2 . 8  37 9 . 6 6 8 . 1 1 5 5 1 . 2 8 3 1 0 . 2 3 0
. 7 8 . 7 1 0 5 . 8 9 1 9 . 7 9 8 . 1 4 3 4 1 . 5 0 4 1 1 . 8 7 4
. B O . 7 3 7 9 . 9 4 9 2 . 9 1 3 . 1 7  5 9 I . /  6 U 1 3 . 7 6 1
. 8 2 . 7 5 7 4 1 . U 0 8 3 . 0 3 2 . 2 1 4 0 2 . 0 5 / 1 5 . 9 3 0
. 8 4 . 7 7 8 2 1 . 0 7 0 3 . 1 5 6 . 2 5 8 5 2 . 3 9 9 1 8 . 4 1 5
. 8 6 . 8 0 0 2 1 . 1 3 4 3 . 2 6 6 . 3 1 0 4 2  . /  9 & 2 1 . 2 6 3
. 8 8 . 8 2 3 6 1 . 2 0 1 3 . 4 2 0 . 3 /  0 / 3 . 2 5 3 2 4 . 5 2 ?
. 9 0 . 8 4 8 3 1 . 2 7 1 3 . 5 6 4 . 4 4 0 9 3 . /  8 0 2 8 . 2 5 6
. 9 2 . 8 7 4 4 1 . 3 4 4 7 . 7 1 6 . 5 2 2 4 4 . 3 8 / 3 2 . 5 2 9
. 9 4 . 9 0 2 1 1 . 4 2 0 3 . « 8 4 . 6 1 7 0 5 . 0 8 5 3 7 . 4 0 7
, 9 6 . 9 3 1  3 1 . 5 0 0 4 . 1 6 2 . /  2  *  6 5 . 8 8 8 4 3 , 0 2 1
. 9 8 . 9 6 2 1 1 . 5 9 7 7 . 3 / 7 . 8 5 3 3 6 . 8 1 0 4 9 . 4 7 8
1 .0 0 1 . 0 0 0 0 1 . 6 7 6 9 . 4 5 4 1 . o o o o /  . 8 7 0 6 0 . 3 7 3
so
TViLi: 4-XIV
M =20 Mode 3 Mode 4
X n n ' n " n n ' n"
0 . 0 1 5 9 0 -n . 048 - 0 . 0 0 8 b 0 . 0 4 9
. 0 2 . 0 1 5 8 -0.001 -n . 048 - 0 . 0 0 8 7 . 0 0 1 . 0 4 9
. 0 4 . 0 1 5 8 - 0 . U 02 - n  . 0 4 8 - 0 . 0 0 8 / . 0 0 2 . 0 4 9
. 06 . 0 1 5 8 - 0 . U 0 3 - n .051 - 0 . 0 0 8 7 . 0 0 3 . 0 5 2
. 06 . 0 1 5 7 - 0 . 0 0 4 - 0 . 0 5 5 - 0 . 0 0 8 6 . 0 0 4 . 0 5 5
. 1 0 . 0 1 5 6 - 0 . 0 0 5 - n  . 0 6 0 - 0 . 0 0 8 5 . 0 0 5 . 0 5 9
. 1 2 . 0 1 5 5 - 0 . 0 0 6 - 0 . 0 6 5 - 0 . 0 0 8 4 . 0 0 6 . 0 6 3
. 1 4 . 0 1 5 3 - 0 . 0 0 8 - 0 . 0 7 2 - 0 . 0 0 8 2 . 0 0 8 . 0 6 8
. 1 6 . 0 1 5 2 -0 . U 09 - 0 . 0 8 0 - 0 . 0 0 8 1 . 0 0 9 . 0 7 4
. 1 8 . 0 1 5 0 - U  . O i l - 0 . 0 8 9 - 0 . 0 0 7 9 .011 . 0 8 1
.2 0 . 0 1 4 7 - 0 . 0 1 3 - 0 . 1 0 1 - 0 , 0 0 7 6 . 0 1 2 , 0 8 8
. 2 2 . 0 1 4 5 - 0 . 0 1 5 - 0 . 1 1 3 - 0 . 0 0 7 4 . 0 1 4 . 0 9 7
. 2 4 . 0 1 4 1 - 0 . 0 1 7 - 0 . 1 2 8 - 0 . 0 0 7 1 . 0 1 6 . 1 0 6
. 2 6 . 0 1 3 8 -0. 0 2 0 - 0 . 1 4 5 - 0 . 0 0 6 7 . 0 1 9 , 1 1 6
. 2 8 . 0 1 3 3 - 0 . 0 2 3 - 0 . 1 6 4 - 0 . 0 0 6 3 . 0 2 1 . 1 2 6
. 30 . 0 1 2 8 - 0 . 0 2 7 - 0 . 1 8 6 - 0 . 0 0 5 9 . 0 2 4 , 1 3 7
. 3 2 . 0 1 2 3 - Ü . 0 3 1 - 0 . 2 1 0 - 0 . 0 0 5 4 . 0 2 6 , 1 4 8
. 3 4 . 0 1 1 6 - U . 0 3 5 - 0 . 2 3 7 - 0 . 0 0 4 8 . 0 3 0 . 1 5 8
. 3 6 . 0 1 0 8 - 0 . 0 4 0 - 0 . 2 6 7 - 0 . 0 0 4 2 . 0 3 3 . 1 6 7
. 3 8 . 0 1 0 0 - 0 . 0 4 6 - 0 . 3 0 1 - 0 . 0 0 3 5 . 0 3 6 . 1 7 4
. 4 0 . 0 0 9 0 - 0 . 0 5 2 - 0 . 3 3 7 - 0 . 0 0 2 7 . 0 4 0 . 1 7 7
. 4 2 . 0 0 7 9 - 0 . 0 5 9 - 0 . 3 / 6 - 0 . 0 0 1 9 . 0 4 3 . 1 7 5
. 4 4 . 0 0 6 6 - 0 . 0 6 7 - 0 . 4 1 8 - 0 . 0 0 1 0 . 0 4 7 . 1 6 6
. 4 6 . 0 0 5 2 - 0 . 0 7 6 - 0 . 4 6 2 - 0 . 0 0 0 1 . 0 5 0 . 1 4 8
. 4 8 . 0 0 3 6 - 0 . 0 9 6 - 0 . 5 0 7 .0010 . 0 5 2 . 1 1 6
.50 . 0 0 1 7 - 0 . 0 9 6 - 0 . 5 4 6 . 0 020 . 0 5 4 . 0 6 4
. 5 2 - 0 . 0 0 0 3 - 0 . 1 0 8 - 0 . 5 7 3 . 0 0 3 1 . 0 5 5 - 0 , 0 1 3
.5 4 - 0 , 0 0 2 6 - 0 . 1 1 9 - 0 . 5 8 3 . 0 0 4 2 . 0 5 4 - 0 . 1 2 3
. 5 6 - 0 . 0 0 5 1 - 0 . 1 3 1 - 0 . 5 6 4 . 0 0 5 3 . 0 5 0 - 0 . 2 7 1
. 5 8 - 0 . 0 0 7 8 - 0 . 1 4 1 - 0 . 5 0 4 . 0 0 6 2 . 0 4 2 - 0 . 4 6 5
. 60 - 0 . 0 1 0 7 - 0 . 1 5 0 - 0 . 3 8 5 . 0 0 6 9 . 0 3 1 - 0 . 7 0 7
. 6 2 - 0 . 0 1 3 8 - 0 . 1 5 6 - 0 . 1 8 5 . 0 0 74 . 0 1 4 - 1 . 0 0 1
. 6 4 - 0 . 0 1 6 9 - 0 . 1 5 7 . 1 2 6 . 0 0 74 - 0 . 0 1 0 - 1 . 3 4 2
. 6 6 - 0 . 0 2 0 0 - 0 . 1 5 0 . 5 8 5 . 0 0 7 0 - U  . 0 4 0 - 1 . 7 1 6
. 6 8 - 0 . 0 2 2 9 - 0 . 1 3 2 1.740 . 0 0 5 8 - 0 . 0 7 8 - 2 . 0 9 5
.70 - 0 . 0 2 5 2 - 0 . 0 9 9 2 . 1 5 2 . 0 0 3 8 - 0 . 1 2 4 - 2 . 4 2 6
. 7 2 - 0 . 0 2 6 7 - 0 . 0 4 4 3 . 4 0 0 . O O O ö - 0 . 1 7 4 - 2 . 6 2 4
. 7 4 * 0 . 0 2 6 8 . 0 4 0 5 . 0 / 9 - 0 . 0 0 3 2 - 0 .2 2 / - 2 . 5 5 3
. 7 6 - 0 . 0 2 4 8 . 1 6 3 7 . 3 1 5 - 0 . 0 0 8 2 - 0 . 2 7 3 - 2 . 0 0 6
. 78 - 0 . 0 1 0 9 . 3 3 7 1 0 . 2 5 8 -0 . 0 1 4 0 - U  . 3 0 2 - 0 . 6 7 4
.80 - 0 . 0 1 0 9 . 5 7 9 1 4 . 1 0 2 - 0 . 0 2 0 1 - 0 . 2 9 2 1 . 8 9 3
. 8 2 . 0 0 3 8 . 9 0 9 1 9 . 0 8 5 - 0 . 0 2 5 3 - 0 . 2 1 4 6 . 3 4 0
.84 . 0 2 6 2 1 . 3 5 2 2 5 . 5 0 4 - 0 . 0 2 7 b - 0 . 0 2 0 1 3 . 5 8 7
. 8 6 . 0 5 8 9 1 . 9 4 1 3 3 . 7 2 5 - 0 . 0 2 4 8 . 3 5 7 2 4 . 9 2 0
. 8 8 . 1 0 5 1 2 . 7 1 6 4 4 . 2 0 1 - 0 . 0 1 1 7 1 . 0 1 6 4 2 . 1 3 0
.90 . 1 6 0 1 3 . 7 2 8 5 7 . 4 9 8 . 0 1 8 6 2 . 0 9 8 6 7 . 6 8 6
. 9 2 . 2 5 6 3 5 . 0 4 0 74. 3 0 0 . 0 7 6 4 3 . 8 0 3 1 0 4 . 9 7 0
.9 4 . 3 7 3 3 6 . 7 3 0 9 5 . 4 3 5 .17 68 6 . 4 1 0 1 5 8 . 5 1 0
.96 . 5 2 8 7 8 . 8 9 6 1 2 1 .9 / 0 . 3 4 1 6 1 0 . 3 0 6 2 3 4 , 4 4 0
.98 . 7 3 3 2 1 1 . 6 6 2 1 5 5 . 3 / 0 .6018 1 6 . 0 4 6 3 4 2 . 8 8 0
1 . 0 0 1.0000 1 5 . 1 7 0 2 1 6 . 6 5 0 1.00 0 0 2 4 . 3 2 3 5 2 3 . 0 3 0
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X n n ' M n n ' n  "
0 . 0 0 5 6 0 - 0  . 0 4 Q - 0 . 0 0 3 8 ü . 0 4 8
. 0 2 . 0 0 5 6 - 0 . 0 0 1 - n  . 0 4 9 - 0 . 0 0 3 6 . 0 0 1 . 0 4 8
. 0 4 . 0 0 5 5 - 0  . 0 0 2 - n . 0 4 9 - 0 . 0 0 3 6 . 0 0 2 . 0 4 8
. 0 6 . 0 0 5 5 - 0 . 0 0 3 - n , 0 5 1 - 0 . 0 0 3 6 . 0 0 3 . 0 4 9
. 0 6 . 0 0 5 4 - 0 . 0 0 4 -  n . 0 5 3 - 0 . 0 0 3 7 . 0 0 4 . 0 5 1
. 1 0 . 0 0 5 3 - 0 . 0 0 5 - 0 . 0 5 6 - 0 . 0 0 3 6 . 0 0 5 . 0 5 2
. 1 2 . 0 0 5 2 - 0 . 0 0 6 - n  . 0 5 9 - 0 . 0 0 3 5 . 0 0 6 . 0 5 4
. 1 4 . 0 0 5 1 - 0 . 0 0 8 - 0 . 0 6 2 - 0 . 0 0 3 4 . 0 0 / . 0 5 6
. 1 6 . 0 0 4 9 - 0 . 0 0 9 - 0 . 0 6 * - 0 . 0 0 3 2 . 0 0 8 . 0 5 8
. 1 6 . 0 0 4 7 - 0 . 0 1 0 - n . o 70 - 0 . 0 0 3 0 . 0 0 9 . 0 6 0
. 2 0 . 0 0 4 5 - 0 . 0 1 2 - 0 . 0 7 5 - 0 , 0 0 2 6 . 0 1 1 . 0 6 1
. 2 2 . 0 0 4 2 - 0 . 0 1 3 - n . 0  79 - 0 . 0 0 2 6 . 0 1 2 . 0 6 1
. 2 4 . 0 0 4 0 - 0 . 0 1 5 - n . 0 8 3 - 0 . 0 0 2 3 . 0 1 3 . 0 6 1
. 2 6 . 0 0 3 7 - 0 . 0 1 6 - n . 0 8 7 - 0 . 0 0 2 1 . 0 1 4 . 0 5 9
. 2 6 . 0 0 3 3 - 0 . 0 1 8 - 0 . 0 9 0 - 0 . 0 0 1 6 . 0 1 5 , 0 5 6
. 3 0 . 0 0 2 9 - 0 . 0 2 0 - 0 . 0 9 1 - 0 . 0 0 1 5 . 0 1 7 . 0 5 0
. 3 2 . 0 0 2 5 - 0 . 0 2 2 - 0 . 0 9 1 - 0 . 0 0 1 1 . 0 1 7 . 0 4 1
. 3 4 . 0 0 2 0 - 0 . 0 2 4 - 0 . 0 8 7 - 0 . 0 0 0 6 . 0 1 8 . 0 2 8
. 3 6 . 0 0 1 6 - 0 . 0 2 5 - n . 0 6 0 - 0 . 0 0 0 4 . 0 1 9 . 0 1 0
. 3 8 . 0 0 1 0 - 0 . 0 2 7 - 0 . 0 6 8 - 0 . 0 0 0 0 . 0 1 8 - 0 . 0 1 3
. 4 0 . 0 0 0 5 - 0 . 0 2 8 - 0 . 0 4 9 . 0 0 0 3 . 0 1 8 - 0 . 0 4 2
. 4 2 - 0 . 0 0 0 1 - 0 . 0 2 9 - 0 . 0 2 2 . 0 0 0 7 . 0 1 7 - 0 . 0 7 9
. 4 4 - 0 . 0 0 0 7 - 0 . 0 2 9 . 0 1 4 . 0 0 1 0 . 0 1 5 - 0 . 1 2 2
. 4 6 - 0 . 0 0 1 2 - 0 . 0 2 8 . 0 6 3 . 0 0 1 3 . 0 1 2 - 0 . 1 7 2
. 4 8 - 0 . 0 0 1 8 - 0 . 0 2 6 . 1 2 6 . 0 0 1 5 . 0 0 6 - 0 . 2 2 9
. 5 0 - 0 . 0 0 2 3 - 0 . 0 2 3 . 2 0 5 . 0 0 1 6 . 0 0 3 - 0 . 2 8 7
. 5 2 - 0 . 0 0 2 7 - 0 . 0 1 8 . 3 0 1 . 0 0 1 6 - 0 . 0 0 4 - 0 , 3 4 3
. 5 4 - 0 . 0 0 3 0 - 0 . 0 1 1 . 4 1 1 . 0 0 1 4 - 0 . 0 1 1 - 0 . 3 8 7
. 5 6 - 0 . 0 0 3 1 -  0 . 0 m . 5 3 3 . 0 0 1 1 - 0 . 0 1 9 - 0 . 4 0 6
. 5 8 - 0 . 0 0 3 0 . 0 1 0 . 6 5 5 . 0 0 0 / - 0 . 0 2 7 - 0 . 3 8 7
. 6 0 - 0 . 0 0 2 7 . 0 2 5 . 7 6 4 . 0 0 0 1 - 0 . 0 3 4 - 0 . 3 0 9
. 6 2 - 0 . 0 0 2 0 . 0 4 1 . 8 3 7 - 0 . 0 0 0 7 - 0 . 0 3 9 - 0 . 1 5 5
, 6 4 - 0 . 0 0 1 0 . 0 5 6 . 8 4 1 - 0 . 0 0 1 5 - 0 . 0 4 0 . 0 9 3
. 6 6 . 0 0 0 3 . 0 7 4 . 7 3 4 - 0 , 0 0 2 2 - 0 . 0 3 4 , 4 4 1
. 6 8 . 0 0 1 9 . 0 9 6 . 4 6 5 - 0 . 0 0 2 6 - 0  . 0 2 1 , 8 7 6
. 7 0 . 0 0 3 7 . 0 9 1 - 0 . 0 2 6 - 0 . 0 0 3 0 . 0 0 1 1 . 3 5 2
. 7 2 . 0 0 5 4 . 0 9 3 - 0 . 7 9 3 - 0 . 0 0 2 / . 0 3 2 1 . 7 7 3
. 7 4 . 0 0 6 9 . 0 5 7 - 1 . 8 7 2 - 0 . 0 0 1 7 . 0 7 0 1 . 9 7 3
. 7 6 . 0 0 7 6 . 0 0 6 - 3 . 2 4 2 . 0 0 0 1 . 1 0 8 1 . 7 0 6
. 7 8 . 0 0 6 9 - 0 . 0 7 4 - 4 . 7 7 1 . 0 0 2 6 . 1 3 3 . 6 5 6
. 8 0 . 0 0 4 4 - 0 . 1 9 3 - 6 . 1 1 8 . 0 0 5 2 . 1 2 7 - 1 . 5 0 0
. 8 2 - 0 . 0 0 0 5 - 0 . 3 1 3 - 6 . 5 8 0 . 0 0 7 3 . 0 6 5 - 4 . 9 3 0
. 8 4 - 0 . 0 0 8 1 - 0 . 4 3 2 - 4 . 8 4 6 . 0 0 7 3 - 0 . 0 7 7 - 9 . 2 7 4
. 8 6 - 0 . 0 1 7 4 - 0 . 4 7 7 1 . 3  7 6 . 0 0 3 6 - 0 . 3 0 2 - 1 2 . 9 0 3
. 8 8 - 0 . 0 2 5 8 - 0 . 3 2 2 1 5 . 9 3 2 - 0 . 0 0 5 1 - 0 . 5 6 1 - 1 1 . 5 3 7
. 9 0 - 0 . 0 2 7 4 . 2 5 8 4 5 . 0 8 0 - 0 . 0 1 7 9 - 0 . 6 7 0 4 . 2 5 6
. 9 2 - 0 . 0 1 0 1 1 . 6 4 7 9 « . 7 5 8 - 0 . 0 2 7 9 - 0 . 1 7 0 5 3 . 3 9 7
. 9 4 . 0 4 8 1 4 . 4 8 2 1 9 9 . 3 5 0 - 0 . 0 1 4 2 1 . 9 3 3 1 7 1 . 5 8 0
. 9 6 . I 8 6 0 9 . 7 9 6 3 4 9 . 3 0 0 . 0 7 3 5 7 . 6 3 3 4 2 3 . 2 4 0
. 9 8 . 4 6 8  7 1 9 . 2 9 5 6 1 1 . 9 1 0 . 3 4 2 6 2 0 . 8 9 4 9 3 9 . 3 4 0
1 . 0 0 1 . 0 0 0 0 3 5 . 3 4 7 1 0 6 9 . 9 0 0 1 . 0 0 0 0  
c  o
4 8 . 2 4 3 1 9 5 6 . 4 0 0
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X n n  ' n " n n 1 n M
0 . 5 4 4 6 0 . 4 4 0 - 0 . 0 4 0 9 0 . 0 4 1
. 0 2 , 5 4 4 7 . 0 0 9 , 4 « n - 0 . 0 4 0 9 . 0 0 1 , 0 4 1
, 0 4 . 5 4 4 9 . 0 1 8 . 4 4 0 - 0 . 0 4 0 9 . 0 0 2 . 0 4 2
, 0 6 . 5 4 5 4 . 0 2 7 . 4 4 0 - 0 . 0 4 0 6 . 0 0 3 . 0 4 6
. 0 8 . 5 4 6 0 . 0 3 6 . 4 5 1 - 0 . 0 4 0 6 . 0 0 4 . 0 5 1
. 1 0 . 5 4 6 8 . 0 4 5 . 4 6 0 - 0 . 0 4 0 7 . 0 0 5 . 0 5 7
. 1 2 . 5 4 7 8 . 0 5 4 . 4 6 8 - 0 . 0 4 0 6 . 0 0 6 . 0 6 5
. 1 4 . 5 4 9 0 . 0 6 3 . 4 7 9 - 0 . 0 4 0 4 . 0 0 7 . 0 7 4
. 1 6 . 5 5 0 3 . 0 7 3 . 4 9 1 - 0 . 0 4 0 3 . 0 0 9 , 0 8 6
. 1 8 . 5 5 1 9 . 0 8 3 . 5 0 4 - 0 , 0 4 0 1 . 0 1 1 . 1 0 0
. 2 0 . 5 5 3 7 . 0 9 3 . 5 2 0 - 0 . 0 3 9 6 . 0 1 3 , 1 1 6
. 2 2 . 5 5 5 6 . 1 0 4 . 5 3 6 - 0 . 0 3 9 6 . 0 1 5 . 1 3 5
. 2 4 . 5 5 7 8 . 1 1 5 . 5 5 5 - 0 . 0 3 9 2 . 0 1 8 . 1 5 8
. 2 6 . 5 6 0 2 . 1 2 6 . 5 7 5 - 0 , 0 3 8 6 . 0 2 2 . 1 8 5
, 2 8 . 5 6 2 9 . 1 3 8 . 5 9 7 - 0 . 0 3 8 4 . 0 2 6 . 2 1 7
, 3 0 . 5 6 5 7 . 1 5 0 . 6 2 0 - 0 . 0 3 7 6 . 0 3 0 , 2 5 4
. 3 2 . 5 6 8 9 . 1 6 3 . 6 4 6 - 0 , 0 3 7 1 . 0 3 6 , 2 9 7
. 3 4 . 5 7 2 2 . 1 7 6 . 6 7 3 - 0 . 0 3 6 4 . 0 4 2 . 3 4 8
. 3 6 . 5 7 5 9 . 1 9 0 . 7 0 4 - 0 . 0 3 5 4 . 0 5 0 . 4 0 8
. 3 8 . 5 7 9 8 . 2 0 4 . 7 3 6 - 0 . 0 3 4 3 . 0 5 9 . 4 7 9
. 4 0 . 5 8 4 0 . 2 1 9 . 7 7 1 - 0 . 0 3 3 1 . 0 6 9 , 5 6 1
. 4 2 . 5 8 8 6 . 2 3 5 . « 1 0 - 0 . 0 3 1 6 . 0 8 1 . 6 5 9
. 4 4 . 5 9 3 5 . 2 5 1 . 8 5 3 - 0 . 0 2 9 6 . 0 9 6 . 7 7 5
. 4 6 . 5 9 8 6 . 2 6 9 . 9 0 1 - 0 . 0 2 7 7 . 1 1 2 . 9 1 2
. 4 8 . 6 0 4 2 . 2 3 6 . 9 5 6 - 0 . 0 2 5 3 . 1 3 2 1 . 0 7 6
. 5 0 . 6 1 0 1 . 3 0 7 1 . 0 1 9 - 0 . 0 2 2 4 . 1 5 6 1 . 2 7 3
. 5 2 . 6 1 6 5 . 3 2 8 1 . 1 1 7 - 0 . 0 1 9 0 . 1 8 4 1 . 5 1 1
. 5 4 . 6 2 3 3 . 3 5 2 1 . 2 4 7 - 0 . 0 1 5 0 . 2 1 6 1 . 7 9 1
. 5 6 . 6 3 0 6 . 3 7 6 1 . 3 6 4 - 0 . 0 1 0 3 . 2 5 5 2 . 1 2 0
. 5 8 . 6 3 8 4 . 4 0 7 1 . 4 7 4 - 0 . 0 0 4 6 . 3 0 2 2 . 5 0 4
, 6 0 . 6 4 6 9 . 4 3 7 1 . 5 7 6 . 0 0 1 8 . 3 5 6 2 . 9 5 0
. 6 2 . 6 5 6 0 . 4 7 0 1 . 6 7 4 . 0 0 9 5 . 4 2 U 3 . 4 6 9
. 6 4 . 6 6 5 7 . 5 0 4 1 . 7 6 6 . 0 1 8 7 . 4 9 5 4 . 0 7 0
. 6 6 . 6 7 6 1 . 5 4 0 1 . 8 5 4 . 0 2 9 4 . 5 8 4 4 . 7 6 5
. 6 8 . 6 8 7 3 . 5 7 6 1 . 9 4 1 . 0 4 2 1 . 6 8 7 5 . 5 6 9
. 7 0 . 6 9 9 3 . 6 1 8 2 . 0 2 4 . 0 5 7 0 . 8 0 7 6 . 4 9 5
. 7 2 . 7 1 2 0 . 6 5 9 9 . 1 0 8 . 0 7 4 5 . 9 4 7 7 . 5 6 2
. 7 4 . 7 2 5 6 . 7 0 2 2 . 1 9 0 . 0 9 5 1 1 . 1 1 1 8 . 7 8 7
. 7 6 . 7 4 0 1 . 7 4 7 2 . 2 / 3 . 1 1 9 1 1 . 3 0 0 1 0 . 1 9 7
. 7 8 . 7 5 5 5 . 7 9 3 2 . ^ 5 6 . 147, 5 1 . 5 2 0 1 1 . 8 1 3
. 8 0 . 7 7 1 9 . 6 4 1 9 , 4 4 0 . 1 6 0 2 1 . 7 7 4 1 3 , 6 6 4
. 8 2 . 7 8 9 2 . 6 9 1 9 . 5 2 7 . 2 1 8 5 2 . 0 6 8 1 5 . 7 8 7
. 8 4 . 8 0 7 5 . 9 4 2 2 . 6 1 5 . 2 6 3 2 2 . 4 0 8 1 8 . 2 1 3
. 8 6 . 8 2 6 9 . 9 9 5 2 . ? 0 7 . 3 1 5 2 2 . 7 9 9 2 0 . 9 9 0
. 8 8 . 8 4 7 3 1 . 0 5 U 9 . 8 0 3 . 3 7 5 6 3 . 2 5 0 2 4 . 1 6 5
. 9 0 . 8 6 8 9 1 . 1 0 7 9 . 9 0 2 . 4 4 5 7 3 . 7  69 2 7 . 7 9 0
. 9 2 . 8 9 1 7 1 . 1 6 7 7 . 0 0 9 . 5 2 6 8 4 . 8 6 5 3 1 . 9 3 4
. 9 4 . 9 1 5 6 1 . 2 2 6 7 . 1 2 8 . 6 2 0 8 5 . 0  5 0 3 6 . 6 6 2
. 9 6 . 9 4 0 8 1 . 2 9 2 3 , 3 3 9 . 7 2 9 5 5 . 8 3 6 4 2 . 0 8 0
. 9 8 . 9 6 7 4 1 . 3 7 1 4 . 1 5 7 . 8 5 5 0 o . 7 3 8 4 8 . 2 8 8
1 . 0 0 1 . 0 0 0 0 1 . 4  3 2 8 . 0 7 8 1 . 0 0 0 0 7 . 7 7 1 6 6 . 3 7 7
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T ! ■*
M  - 3 0 I “1.. 1 ■) 3 j 1 o  4
X '1 f n " r5 n ’ n "
0 . 0 1 6 6 0 - 0.0 51 - 0 . 0 0 9 0 0 . 0 52
.02 . 0 1 6 6 - 0 . U 01 - 0 . 0 5 1 - 0 . 0 0 9 0 . 0 0 1 , 0 52
.04 . 0 1 6 6 - 0 . 0 0 2 - 0 , 051. - 0 . 0 0 9 0 . 0 0 2 . 0 5 2
.06 . 0 1 6 6 - 0 . U 0 3 - O . 0 65 - 0 . 0 0 8 9 . 00 3 . 0 54
. O b CD > - U . 004 - 0 . 0 5 9 - 0 . 0 0 8 8 . 004 . 0 5 8
.10 . 0 1 6 3 - 0 . 006 - 0 . 0 6 4 - 0 . 0 0 8 7 . 0 0 5 . 0 6 2
. 12 . 0 1 6 2 - Ü . 007 - 0 . 0/0 - 0 . 0 0 8 6 . 0 0 / . 06 6
.14 . 0 1 6 0 - Ü . 006 - 0 , 0/8 - 0 . 0 0 8 5 . 008 . 0 7 2
.16 . 0 1 5 V - 0 . 0 1 0 - 0 . 0 8 7 - 0 . 0 0 8 8 . 010 . 0 7 8
.18 . 0 1 5 6 - U  . 012 - 0 . 0 9 7 - 0 . 0 0 8 1 . 011 . 0 85
.20 . 0 1 5 4 - 0 . 0 1 4 - 0 . 1 0 9 - 0 . 0 0 7 8 . 0 1 3 . 0 93
.22 . 0 1 5 1 - 0 . 0 1 6 - 0 . 1 2 3 - 0 . 0 0 7 6 . 0 1 5 . 1 0 2
.24 . 0 1 4 7 - Ü  . 01 9 - 0 . 1 3 8 - 0 . 0 0 7 2 . 0 1 / . 1 1 2
.26 . 0 1 4 3 - Ü  . 022 - 0 . 1 5 6 - 0 . 0 0 69 . 0 19 . 1 2 2
.28 . 0 1 3 9 - 0 . 0 2 5 - 0 . 1 7 7 - 0 . 0 06 5 . 022 . 1 3 3
.30 . 0 1 3 3 - Ü  . 02 9 - 0 . 1 9 9 - 0 . 0 0 6 0 . 0 25 . 1 4 4
.32 . 0 1 2 7 - 0 . 0 3 3 - 0 . 2 2 5 - 0 . 0 0 5 5 . 02 8 . 1 5 4
.34 . 0 1 2 0 - 0 . 0 3 8 - 0 . 2 5 3 - 0 . 0 0 4 9 . 0 31 . 1 6 4
.36 . 0 1 1 2 - 0 . 0 4 3 - 0 . 2 8 3 - 0 . 0 0 4 2 . 03 4 . 1 72
. 38 . 0 1 0 3 - 0 . 0 4 9 - 0 . 3 1 6 - 0 . 0 0 3 5 . 0 38 . 1 7 7
.40 . 0 092 - 0 . 0 5 6 - 0 . 3 5 2 - 0 . 0 0 2 7 . 04 1 . 1 78
.42 . 0 080 - 0 . 0 6 3 - 0 . 3 8 9 - 0 , 0 0 1 9 . 0 4 5 . 1 73
. 44 . 0 0 6 7 - 0 . 0 7 1 - 0 . 4 2 7 - 0 . 0 0 0 9 . 0 4 8 . 1 61
.46 . 0 0 5 2 - 0 . 0 8 0 - 0 .46 5 . 0 0 0 1 . 051 . 1 3 7
.48 . 0 035 - 0 . 0 9 0 - 0 , 5 0 1 . 0 0 1 1 . 0 54 . 0 9 9
.*50 . 0 0 1 6 - 0 . 1 0 0 - 0 . 5 3 1 . 0 02 2 . 0 5 5 . 0 4 2
.52 - 0 . 0 0 0 6 - 0 . 1 1 1 - 0 . 5 5 4 . 0 0 33 . 0 55 - 0 , 0 3 9
.54 - 0 . 0 0 2 9 - 0 . 1 2 2 - 0 . 5 5 9 . 0 0 44 . 0 5 3 - 0 . 1 5 1
.56 - 0 . 0 0 5 5 - 0 . 1 3 3 - 0 . 5 3 4 . 0 054 . 0 49 - 0 , 3 0 1
.58 - 0 . 0 0 8 2 - 0 . 1 4 3 - 0 . 4 6 6 . 0 063 . 04 1 - 0 , 4 9 6
.60 - 0 . 0 1 1 2 - 0 . 1 5 2 - 0 . 3 3 9 . 0 0 70 . 0 2 9 - 0 . 7 4 0
.62 - 0 . 0 1 4 3 -0 .156 - 0 . 1 2 8 . 0 0 75 . 011 - 1 . 0 3 3
.64 - 0 . 0 1 7 4 - 0 . 1 5 6 . 19 4 . 0 0 74 - 0 . 0 1 3 - 1 . 3 7 0
. 66 - 0 . 0 2 0 5 - 0 . 1 4 8 . 6 6 6 . 0 0 69 - 0 . 0 4 4 - 1 . 7 3 8
.68 - 0 . 0 2 3 2 - 0 . 1 2 8 1 .33 5 . 0 0 5 o - 0 . 0 8 2 - 2 . 1 0 6
.70 - 0 . 0 2 5 5 - Ü  . 09 3 2 .2 6 ? . 0 03 5 - 0 . 1 2 8 - 2 . 4 2 1
.72 - 0 . 0 2 6 8 - 0 . 0 3 5 3 . 5 2 4 . 0 0 0 5 - U  . 1 78 - 2 . 5 9 6
.74 - 0 . 0 2 6 7 .051 5 . 2 1 6 - 0 . 0 0 3 6 - 0 . 2 3 0 - 2 . 4 9 3
.76 - 0 . 0 2 4 5 .177 7 .4 6 9 - 0 . 0 0 8 / - 0 . 2 7 5 - 1 . 9 0 7
.78 - 0 . 0 1 0 3 .354 1 0 . 4 0 5 - 0 . 0 1 4 5 - 0 . 3 0 1 - 0 . 5 2 6
.80 - 0 . 0 0 9 9 . 599 1 4 . 2 3 9 - 0 . 0 2 0 4 - U . 2 8 8 2 . 0 9 4
.82 . 0 053 .931 1 0 . 1 9 7 -0 . 0 2 5 5 - 0 . 2 0 5 6 . 5 9 6
.84 . 0 2 8 1 1 . 3 7 6 2 5 . 5 6 3 - 0 . 0 2 7 9 - U  . 0 05 1 3 . 8 8 6
. 86 . 0 6 1 3 1 . 9 6 6 3 3 . 7 0 0 - 0 . 0 2 4 5 . 3 7 8 2 5 . 2 3 4
.88 . 1 0 8 0 2 . 7  39 4 4 . 0 4 3 - 0 . 0 1 0 9 1 . 0 4 3 4 2 . 4 0 1
.90 . 1 7 2 4 3 . /46 5 7 . 1 3 7 . 020 0 2 . 1 2 9 6 7 . 8 0 7
.92 . 2 5 9 8 5 . 0 4 8 7 3 . 6 5 1 . 0 78 5 3 . Ö 34 1 0 4 . 7 5 0
.94 . 3 7 6 8 6 . 7 2 1 9 4 . 3 8 7 . 1 7 9 4 6 . 4 3 1 1 5 7 . 6 9 0
.96 . 5 3 1 8 8.8 61 1 2 0 . 3 4 0 . 3 4 4 3 1 0 . 3 0 0 2 3 2 . 5 6 0
.98 . 7 3 5 2 1 1 . 5 8 6 1 5 2 . 9 / 0 . 6 0 3 9 1 5 .9 8 6 3 3 9 . 2 1 0
1 . 0 0 1.0000 1 5 . 0 3 7 2 1 6 . 3 0 0 1.0 0 0 0 2 4 . 1 6 4 5 1 5 . 2 8 0
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X n n ' n " n 1n n "
0 . 0 0 5 6 0 - n . 0 5 0 - 0 . 0 0 3 9 0 . 0 4 9
. 0 2 . 0 0 5 6 - Ü  . 0 0 1 - n . 0 5 0 - 0 . 0 0 3 9 . 0 0 1 . 0 4 9
. 0 4 . 0 0 5 6 - 0 . 0 0 2 - n . 0 5 n - 0 . 0 0 3 8 . 0 0 2 . 0 4 9
. 0 6 . 0 0 5 5 - 0 . 0 0 3 - n . 0 5 ? - 0 . 0 0 3 8 . 0 0 3 . 0 5 0
. 0 8 . 0 0 5 5 - 0 . 0 0 4 - 0 . 0 5 5 - 0 . 0 0 3 7 . 0 0 4 . 0 5 2
. 1 0 . 0 0 5 4 - 0 . 0 0 5 - 0 . 0 5 7 - 0 . 0 0 3 6 . 0 0 5 . 0 5 3
. 1 2 . 0 0 5 3 - 0 . 0 0 6 - 0 . 0 6 1 - 0 . 0 0 3 5 . 0 0 6 . 0 5 5
. 1 4 . 0 0 5 1 - 0 . 0 0 8 -  0 . 0 6 4 - 0 . 0 0 3 4 . 0 0 / , 0 5 7
. 1 6 . 0 0 5 0 - 0 . 0 0 9 - 0 . 0 6 8 - 0 . 0 0 3 2 . 0 0 8 . 0 5 9
. 1 8 . 0 0 4 8 - 0 . 0 1 0 - 0 . 0 7 3 -  0 . 0 0 3 0 . 0 1 0 , 0 6 1
, 2 0 . 0 0 4 5 - 0 . 0 1 2 - 0 . 0 7 7 - 0 . 0 0 2 8 . 0 1 1 . 0 6 2
. 2 2 . 0 0 4 3 - 0 . 0 1 4 - 0 . 0 8 2 - 0 . 0 0 2 6 . 0 1 2 . 0 6 3
. 2 4 . 0 0 4  0 - 0 . 0 1 5 - 0 . 0 8 6 - 0 . 0 0 2 3 . 0 1 3 , 0 6 3
. 2 6 . 0 0 3 7 - 0 . 0 1 7 - 0 . 0 9 0 - 0 . 0 0 2 1 . 0 1 5 . 0 6 1
. 2 8 . 0 0 3 3 - 0 . 0 1 9 - 0 . 0 9 2 - 0 . 0 0 1 8 . 0 1 6 . 0 5 7
. 3 0 . 0 0 2 9 - 0 . 0 2 1 - 0 . 0 9 3 - 0 . 0 0 1 4 . 0 1 7 . 0 5 0
. 3 2 . 0 0 2 5 - 0 . 0 2 3 - 0 . 0 9 2 - 0 . 0 0 1 1 . 0 1 8 . 0 4 0
. 3 4 . 0 0 2 0 - 0 . 0 2 4 - 0 . 0 8 8 -  0 . 0 0 0 7 . 0 1 8 . 0 2 6
. 3 6 . 0 0 1 5 - 0 . 0 2 6 - 0 . 0 7 9 - 0 . 0 0 0 4 . 0 1 9 . 0 0 8
. 3 8 . 0 0 1 0 - 0 . 0 2 7 - 0 . 0 6 6 . 0 0 0 0 . 0 1 9 - 0 . 0 1 7
. 4 0 . 0 0 0 4 - 0 . 0 2 9 - 0 . 0 4 5 . 0 0 0 4 . 0 1 8 - 0 . 0 4 7
. 4 2 - 0 . 0 0 0 2 - 0 . 0 2 9 - 0 . 0 1 6 . 0 0 0 7 . 0 1 7 - 0 , 0 8 5
. 4 4 - 0 . 0 0 0 7 - 0 . 0 2 9 . 0 2 3 . 0 0 1 1 . 0 1 5 - 0 . 1 2 9
. 4 6 - 0 . 0 0 1 3 - 0 . 0 2 8 . 0 7 4 . 0 0 1 3 . 0 1 2 - 0 , 1 8 0
. 4 8 - 0  . 0 0 1 9 - 0 . 0 2 6 . 1 3 9 . 0 0 1 5 . 0 0 7 - 0 . 2 3 5
. 5 0 - 0 . 0 0 2 4 - 0 . 0 2 3 . 2 1 9 . 0 0 1 6 . 0 0 2 - 0 . 2 9 2
. 5 2 - 0 . 0 0 2 8 - 0 . 0 1 7 . 3 1 4 . 0 0 1 6 - 0 . 0 0 4 - 0 . 3 4 6
. 5 4 - 0 . 0 0 3 0 - 0 . 0 1 0 . 4 2 4 . 0 0 1 4 - 0 . 0 1 2 - 0 . 3 8 7
. 5 6 - 0 . 0 0 3 1 - 0 . 0 0 0 . 5 4 3 . 0 0 1 1 - U  . 0 2 0 - 0 . 4 0 4
. 5 8 - 0 . 0 0 3 0 . 0 1 2 . 6 6 2 . 0 0 0 7 - 0 . 0 2 / - 0 . 3 8 2
. 6 0 - 0 . 0 0 2 6 . 0 2 6 . 7 6 7 . 0 0 0 0 - 0 . 0 3 4 - 0 . 3 0 1
. 6 2 - 0 . 0 0 2 0 . 0 4 2 . 8 3 3 - 0 . 0 0 0 7 - 0 . 0 3 9 - 0 . 1 4 4
. 6 4 - 0 . 0 0 1 0 . 0 5 9 . 8 2 9 - 0 . 0 0 1 5 - 0 . 0 4 0 . 1 0 7
. 6 6 . 0 0 0 4 . 0 7 5 . 7 1 4 - 0 . 0 0 2 3 - Ü . 0 3 4 . 4 5 6
. 6 8 . 0 0 2 0 . 0 8 6 . 4 3 4 - 0 . 0 0 2 8 - 0 . 0 2 1 . 8 9 0
. 7 0 . 0 0 3 8 . 0 9 1 - 0 . 0 6 7 - 0 . 0 0 3 0 . 0 0 2 1 . 3 6 3
. 7 2 . 0 0 5 5 . 0 8 2 -  0 . 8 4 2 - 0 . 0 0 2 / . 0 3 3 1 . 7 7 7
. 7 4 . 0 0 6 9 . 0 5 5 - 1 . 9 2 5 - 0 . 0 0 1 6 . 0 7 1 1 . 9 6 5
. 7 6 . 0 0 7 6 . 0 0 3 - 3 , 2 9 0 . 0 0 0 2 . 1 0 9 1 . 6 8 3
. 7 8 . 0 0 6 9 - 0 . 0 7 8 - 4 . 8 0 1 . 0 0 2 6 . 1 3 3 . 6 1 6
. 0 0 . 0 0 4 3 - 0 . 1 8 b - 6 . 1 1 1 . 0 0 5 3 . 1 2 6 - 1 . 5 5 5
. 8 2 - 0 . 0 0 0 8 - 0 . 3 1 6 - 6 . 5 1 ? . 0 0 7 3 . 0 6 3 - 4 , 9 8 9
. 8 4 - 0 . 0 0 8 3 - 0 . 4 3 4 -  4 , 6  b  8 . 0 0 7 3 - 0 . 0 8 0 - 9 . 3 1 3
. 8 6 - 0 . 0 1 7 6 - 0 . 4 7 4 1 . 6 4 5 . 0 0 3 5 - U . 3 0 6 - 1 2 . 8 8 2
. 8 8 - 0 . 0 2 6 0 - 0 . 3 1 3 1 6 . 3 1 4 - 0 . 0 0 5 2 - U  . 5 6 3 - 1 1 , 4 0 4
. 9 0 - 0 . 0 2 7 3 . 2 7 6 4 5 . 5 2 9 - 0 . 0 1 8 1 - 0 . 6 6 7 4 . 5 4 9
. 9 2 - 0 . 0 0 9 6 1 . 6 7 3 9 9 . 1 1 4 - 0 . 0 2 8 0 - 0 . 1 6 0 5 3 , 8 3 6
. 9 4 . 0 4 9 3 4 . 5 1 2 1 9 ? . ? 8 0 - 0 . 0 1 3 9 1 . 9 5 1 1 7 1 . 9 9 0
. 9 6 . 1 8 7 6 9 . 8 1 3 3 4 8 , 0 / 0 . 0 7 4 ^ /  . 6 5 4 4 2 2 . 9 4 0
. 9 8 . 4 7 0 3 1 9 . 2 5 6 6 0 8 . 1 5 0 . 3 4 3 7 2 0 . 8 8 9 9 3 6 . 6 9 0
1 . 0 0 1 . 0 0 0 0 3 6 . 2 0 0 1 0 5 0 . 6  Ü 0 1 . 0 0 0 0 4 8 . 1 3 3 1 9 4 5 . 6 0 0
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r  I
:< ’ 1 = 1 0 M  = 11 = M  - 3 0
0 u 0 0 Q
. 0 2 . 0 0 77 . 0  0 5 3 . 0 0 4 / . 0 0 3 4
. 0 4 . 0 1 5 5 . 0 U  5 . 0 0 9 4 . 0 07  0
. 0 6 . 0 2 3 3 . 0 1 7 3 . 0 1 4 1 . 0 1 0 5
. 0 8 . 0 3 1 1 . " 2 3 2 . 0 1 8 6 . 0 1 4 0
. 1 0 . 0 3 9 1 . 0 2 9 1 . 0 2 3 5 . 0 1 7 5
. 1 2 . 0 4 7 1 . 0 3 5 0 . 0 2 8 3 . 0 2 1 0
. 1 4 . 0 5 5 3 . 0 4 1 0 . 0 3 3 1 . 0 2 4 5
. 1 6 . 0 6 3 7 . 0 4 / 1 . 0 3 / 9 . 0 2 8 1
. 1 8 . 0 7 2 3 . 0 5 3 4 . 0 4 2 8 . 0 3 1 6
. 2 0 . O b l l . 0 5 9 7 . 0 4 7 8 . 0 3 5 1
. 2 2 . 0 9 0 1 . 0 6 6 2 . 0 5 2 8 . 0 3 8 /
. 2 4 . 0 9 9 5 . 0 7 2 9 . 0 5 8 0 . 0 4 2 3
. 2 6 . 1 0 9 4 . 0 7 9 8 . 0 6 3 3 . 0 4 5 9
. 2 8 . 1 1 9 6 . 0 6 7 0 . 0 6 8 6 . 0 4 9 6
. 3 0 . 1 3 0 4 . 0 9 4 6 . 0 7 4 4 . 0 5 3 4
. 3 2 . 1 4 1 6 .1 0 2 5 . 0 8 0 3 . 0 5 7 3
. 3 4 . 1 5 3 9 . 1 1 0 9 . 0 6 6 5 . 0 6 1 4
. 3 6 . 1 6 6 8 . 1 1 9 9 . 0 9 3 1 . 0 6 5 6
. 3 8 . 1 6 0 6 . 1 2 9 5 . 1 0 0 1 . 0 70 0
. 4 0 . 1 7 9 2 . 1 4 0 0 . 1 0 7 6 . 0 / 4 7
. 4 2 . 1 5 6 8 . 1 5 1 4 . 1 1 5 7 . 0 / 9 6
. 4 4 . 1 3 6 4 . 1 5 6 0 . 1 2 4 5 . 0 6 5 0
. 4 6 . 1 1 8 0 . 1 3 6 1 . 1 3 4 3 . 0 9 0  7
. 4 8 . 1 0 1 6 . 1 1 8 1 . 1 2 6 8 . 0 9 7 1
. 5 0 . 0 8 6 9 . 1 0 1 8 . 1 0 9 6 . 1 0  4 0
. 5 2 . 0 7 4 0 . 0 8 7 2 . 0 9 4 4 . 1 0 2 5
. 5 4 . 0 6 2 6 . 0 7 4 2 . 0 8 0 6 . 0 6 7 8
. 5 6 . 0 5 2 7 . 0 6 2 7 . 0 6 8 2 . 0 / 4 8
. 5 8 . 0 4 4 0 . 0 5 2 6 . 0 5 7 3 . 0 6 3 1
. 6 0 . 0 3 6 5 . 0 4 3 8 . 0 4 7 9 . 0 5 2 9
. 6 2 . 0 30 1 . 0 i  6 2 . 0 3 9 6 . 0 4 3 9
. 6 4 . 0 2 4 6 . 0 2 9 7 . 0 3 2 6 . 0 3 6 1
. 6 6 . 0 1 9 9 . 0 2 4 1 . 0 2 6 5 . 0 2 9 4
. 6 8 . 0 1 5 9 . 0 1 9 4 . 0 2 1 3 . 0 2 3 6
. 7 0 . 0 1 2 6 . 0 1 5 4 . 0 1 6 9 . 0 1 8 8
. 7 2 . 0 1 0 0 . 0 1 2 0 . 0 1 3 2 . 0 1 4 8
. 7 4 . 0 0 7 6 . 0 0 93 . 0 1 0 2 . 0 1 1 5
. 7 6 . 0 0 5 8 . 0 0 70 . 0 0 7 7 . 0 08  /
. 7 8 . 0 0 4 3 . 0 0 5 3 . 0 0 5 6 . 0 0 6 5
, 8 0 . 0 0 3 1 . 0 0 3 9 . 0 0 4 3 . 0 0 48
. 8 2 . 0 0 2 1 . 0 Q ?7 . 0 0 2 9 . 0 0 3 3
. 8 4 . 0 0 1 5 . 0 0 1 9 . 0 02  0 . 0 0 2 4
. 8 6 . 0 0 0 8 . 0 0 1 2 . 0 0 1 3 . 0 0 1 6
. 8 8 . 0 0 0 6 . 0 0 0 7 . 0 0 0 8 . 0 0 09
. 9 0 . 0 0 0 2 . 0 0 0 4 . 0 0 0 3 . 0 0 0 /
. 9 2 . 0 0 0 1 . 0 U 02 . 0 0 0 2 . 0 0 03
. 9 4 0 . 0 Q 02 . 0 0 0 2 . 0 0 0 2
. 9 6 0 0 0 0
. 9 8 0 0 U 0
1 . 0 0 U 0 0 0
CAPTION FOR TABLES 4-XX - 4-XXIII.
°k2VALUES OF THE COEFFICIENTS (Diagonal entries)
01 2
AND C.. , OCCURING IN THE SYSTEM OF DIFFERENTIAL13 , K
EQUATIONS 4,3-10, FOR SIX MODES OF OSCILLATION.
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TABLE 4 -  XX
M = 1 0
i j 1 2 3 4 5 6
1 . 0 0 0 0
3 . 1 6 5 8
5 . 8 8 8 9
9 . 3 1 4 9
1 3 . 4 3 3 1
1 8 . 2 3 2 2
1 1 1 . 6 7 6 0 - 8 . 3 0 3 4 1 5 . 5 3 1 9 - 2 5 . 9 0 8 6 3 5  .  58  5 5 - 4 1 . 4 2 5 9
1 2 - 0 , 1 6 1 6 - 1 . 2 9 2 7 - 4 . 7 4 8 2 2 . 6 0 4 3 - 3 . 5 9 5 0 3 . 9 6 5 0
1 3 0 . 0 0 9 8 - 1 . 0 4 3 3 - 3 . 7 5 4 3 - 5 . 8 0 7 7 1 . 4 0 1 8 - 2 . 2 3 0 6
1 4 - 0 . 0 0 4 4 - 0 . 1 1 2 0 - 2 . 4 0 5 4 - 6 . 6 1 5 9 - 7 . 3 7 7 0 0 . 2 4 8 2
1 5 - 0 . 0 0 1 5 - 0 . 0 5 1 3 - 0 . 4 4 5 0 - 4 . 1 6 0 2 - 1 0 . 0 2 3 3 - 9 . 7 5 2 6
1 6 0 . 0 0 1 2 - 0 . 0 2 9 5 - 0 . 1 9 5 8 - 1 . 0 6 9 4 - 6 . 4 9 5 3 - 1 4 . 3 8 4 4
2 2 - 0 . 0 1 8 7 - 2 . 0 5 6 2 - 7 . 4 5 7 2 - 6 . 3 7 0 8 - 0 . 0 8 0 9 - 1 . 0 6 1 5
2 3 - 0 . 0 1 1 7 - 0 . 9 0 6 4 - 6 . 6 2 5 4 - 1 3 . 3 2 9 9 - 8 . 6 6 5 6 - 1 . 6 8 7 9
2 4 - 0 . 0 0 1 4 - 0 . 2 4 4 9 - 3 . 0 3 9 2 - 1 2 . 7 2 8 5 - 1 9 . 9 3 1 2 - 1 2 . 4 5 4 5
2 5 - 0 . 0 0 0 6 - 0 . 0 5 2 6 - 0 . 8 6 5 1 - 6 . 4 0 5 9 - 2 0 . 5 6 0 6 - 2 8 . 5 1 6 5
2 6 i o o o 4T - 0 . 0 2 5 3 - 0 . 2 6 6 5 - 2 . 1 6 8 9 - 1 1 . 6 2 6 0 - 3 1 . 0 6 4 4
3 3 - 0 . 0 0 4 7 - 0 . 6 9 5 8 - 5 . 4 5 8 8 - 1 6 . 1 4 4 5 - 2 1 . 3 5 9 9 - 1 2 . 6 8 4 0
3 4 - 0 . 0 0 2 7 - 0 . 3 0 8 1 - 3 . 2 7 8 4 - 1 3 . 1 8 7 4 - 2 7 . 6 1 8 2 - 3 1 . 2 8 8 0
3 5 - 0 . 0 0 0 6 - 0 . 0 8 9 8 - 1 . 3 6 6 6 - 8 . 0 6 8 5 - 2 4 . 1 6 2 3 - 4 2 . 5 8 4 8
3 6 - 0 . 0 0 0 3 - 0 . 0 3 3 1 - 0 . 4 7 8 5 - 3 . 7 8 7 3 - 1 6 . 1 0 3 1 - 3 9 . 5 7 7 4
4 4 - 0 . 0 0 1 5 - 0 . 2 5 9 9 - 2 . 6 0 9 0 - 1 1 . 2 8 6 4 - 2 8 . 3 9 8 1 - 4 5 . 5 3 8 1
4 5 - 0 . 0 0 1 0 - 0 . 1 3 1 8 - 1 . 6 0 8 6 - 8 . 1 5 9 0 - 2 4 . 5 5 2 5 - 4 9 . 1 6 0 1
4 6 - 0 . 0 0 0 5 - 0 . 0 5 6 6 - 0 . 8 0 9 7 - 5 . 1 0 4 9 - 1 8 . 3 8 4 2 - 4 3 . 8 3 3 1
5 5 - 0 . 0 0 0 8 - 0 . 1 2 8 8 - 1 . 4 2 0 1 - 7 . 1 3 0 4 - 2 2 . 3 8 1 7 - 4 9 . 1 9 1 4
5 6 - 0 . 0 0 0 8 - 0 . 0 8 7 3 - 1 . 0 3 3 6 - 5 . 5 2 8 4 - 1 8 . 5 1 8 9 - 4 3 . 6 5 1 0












1 . 0 0 0 0
3 . 6 6 1 1
6 . 8 7 6 4
1 0 . 9 1 0 9
1 5 . 7 6 1 1
2 1 . 4 2 3 3
1 1 2 . 5 6 7 0 - 1 1 . 7 4 1 2 2 4 . 2 5 1 0 - 3 8 . 2 3 7 8 4 3 . 8 5 8 0 - 3 6 . 6 9 1 3
1 2 - 0 . 1 8 2 7 - 0 . 9 4 6 1 - 5 . 2 3 7 3 , - 3 . 3 7 0 7 - 5 . 0 9 3 0 1 . 3 2 3 7
1 3 0 . 0 1 6 3 - 1 . 1 5 9 3 - 3 . 4 3 8 4 - 6 . 2 4 9 9 - 0 . 0 1 6 7 - 5 . 7 6 0 8
1 4 - 0 . 0 0 5 6 - 0 . 1 1 3 9 - 2 . 7 4 6 5 - 6 . 7 3 9 4 - 8 . 9 7 7 4 - 5 . 7 9 7 3
1 5 - 0 . 0 0 1 5 - 0 . 0 8 6 0 - 0 . 7 0 9 3 - 5 . 5 2 1 3 - 1 2 . 0 5 5 6 - 1 4 . 9 0 5 9
1 6 0 . 0 0 0 9 - 0 . 0 7 0 4 - 0 . 6 0 0 7 - 2 . 9 3 1 1 - 1 1 . 4 6 0 9 - 2 0 . 7 8 5 1
2 2 - 0 . 0 1 2 8 - 2 . 2 2 0 1 - 8 . 1 6 0 3 - 7 . 5 1 4 6 - 3 . 3 5 8 1 - 7 . 9 2 9 0
2 3 - 0 . 0 1 1 1 - > 1 . 0 0 3 1 - 7 . 5 4 4 1 - 1 5 . 6 1 5 9 - 1 3 . 9 0 4 9 - 1 4 . 3 9 4 6
2 4 - 0 . 0 0 1 7 - 0 . 3 2 3 8 - 3 . 8 9 8 2 - 1 6 . 2 7 2 5 - 2 7 . 5 5 1 6 - 2 9 . 1 2 8 3
2 5 - 0 . 0 0 1 5 - 0 . 1 5 0 2 - 1 . 8 5 9 8 - 1 1 . 1 8 0 0 - 3 2 . 6 6 0 2 - 4 8 . 8 0 6 1
2 6 - 0 . 0 0 1 6 - 0 . 1 5 7 7 - 1 . 5 6 5 6 - 8 . 5 1 6 2 - 2 9 . 9 5 4 2 - 6 1 . 4 4 8 0
3 3 - 0 . 0 0 4 2 - 0 . 8 2 3 6 - 6 . 6 6 4 1 - 2 0 . 3 9 8 9 - 3 0 . 5 9 7 1 - 3 2 . 9 3 8 6
3 4 - 0 . 0 0 3 6 - 0 . 4 5 0 9 - 4 . 7 5 1 4 - 1 9 . 5 4 8 6 - 4 3 . 0 5 7 6 - 5 9 . 2 1 5 4
3 5 - 0 . 0 0 2 3 - 0 . 2 7 2 1 - 3 . 2 0 9 9 - 1 6 . 8 8 5 5 - 4 8 . 2 0 6 8 - 8 3 . 7 4 9 6
3 6 - 0 . 0 0 2 7 - 0 . 2 7 5 4 - 2 . 8 7 4 1 - 1 5 . 5 0 6 6 - 5 0 . 5 8 7 7 - 1 0 1 . 8 3 3 3
4 4 - 0 . 0 0 3 1 - 0 . 4 7 2 8 - 4 . 7 3 0 0 - 2 1 . 0 3 9 5 - 5 4 . 5 0 4 0 - 9 0 . 9 5 0 5
4 5 - 0 . 0 0 3 6 - 0 . 4 1 9 8 - 4 . 4 8 1 5 - 2 1 . 9 1 3 4 - 6 3 . 9 5 5 2 - 1 2 0 . 2 7 7 2
4 6 - 0 . 0 0 4 2 - 0 . 4 3 8 1 - 4 . 5 8 4 2 - 2 3 . 5 2 6 1 - 7 3 . 4 0 3 9 - 1 4 8 . 1 9 3 0
5 5 - 0 . 0 0 4 6 - 0 . 5 3 9 2 - 5 . 4 7 6 2 - 2 6 . 7 4 5 7 - 8 0 . 4 4 8 3 - 1 5 8 . 9 6 2 6
5 6 - 0 . 0 0 6 0 - 0 . 6 3 6 0 - 6 . 4 4 7 2 - 3 1 . 9 2 9 0 - 9 8 . 4 1 7 7 - 2 0 0 . 2 9 6 8
6 6 - 0 . 0 0 8 0 - 0 . 8 3 7 6 - 8 . 3 0 9 2 - 4 0 . 7 5 6 7 - 1 2 5 . 6 9 2 4 - 2 5 8 . 0 7 7 1
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TABLE 4 -  XXII
M = 2 0
k
i j 1 2 3 4 5 6
1 . 0 0 0 0
4 . 0 6 2 9
7 . 6 7 3 6
1 2 . 2 0 0 5
1 7 . 6 5 1 3
2 4 . 0 2 8 4
1 1 3 . 3 1 9 4 - 1 4 . 6 4 9 5 3 1 . 7 4 5 7 - 4 9 . 9 4 3 2 5 7 . 1 5 7 1 - 4 7 . 4 5 7 2
1 2 - 0 . 2 1 0 3 - 0 . 5 7 7 6 - 5 . 6 6 9 0 4 . 4 2 1 9 - 6 . 1 1 9 1 2 . 4 0 0 7
1 3 0 . 0 2 1 5 - 1 . 2 2 7 6 - 2 . 9 8 9 9 - 6 . 4 2 2 5 0 . 7 1 1 0 - 5 . 9 9 9 3
1 4 - 0 . 0 0 6 5 - 0 . 0 9 4 0 - 2 . 8 3 2 4 - 6 . 1 9 6 5 - 8 . 8 7 0 1 - 5 . 1 1 6 3
1 5 - 0 . 0 0 1 2 - 0 . 0 8 8 0 - 0 . 6 6 1 7 - 5 . 5 4 0 9 - 1 1 . 3 8 6 3 - 1 4 . 4 4 5 1
1 6 0 . 0 0 1 0 - 0 . 0 6 7 0 - 0 . 5 8 4 9 - 2 . 7 8 9 3 - 1 1 . 2 6 1 0 - 1 9 . 9 2 5 0
2 2 - 0 . 0 0 8 7 - 2 . 2 9 9 9 - 8 . 4 9 8 1 - 7 . 8 8 4 1 - 3 . 3 4 6 9 - 8 . 2 8 6 2
2 3 - 0 . 0 1 0 8 - 1 . 0 3 4 8 - 7 . 9 2 0 7 - 1 6 . 3 9 4 2 - 1 4 . 5 5 7 4 - 1 4 . 9 7 6 2
2 4 - 0 . 0 0 1 4 - 0 . 3 3 2 2 - 4 . 0 6 0 5 - 1 7 . 1 2 3 2 - 2 8 . 9 9 5 2 - 3 0 . 5 4 2 7
2 5 - 0 . 0 0 1 5 - 0 . 1 5 2 2 - 1 . 9 1 8 4 - 1 1 . 6 6 8 3 - 3 4 . 4 2 2 1 - 5 1 . 4 4 6 3
2 6 - 0 . 0 0 1 5 - 0 . 1 6 1 6 - 1 . 6 1 3 2 - 8 . 8 3 6 9 - 3 1 . 4 0 6 8 - 6 4 . 8 9 5 8
3 3 - 0 . 0 0 3 5 - 0 . 8 5 7 1 - 7 . 0 0 8 9 - 2 1 . 5 4 8 5 - 3 2 . 2 8 2 7 - 3 4 . 6 5 1 1
3 4 - 0 . 0 0 3 4 - 0 . 4 6 6 2 - 4 . 9 8 5 7 - 2 0 . 6 1 5 1 - 4 5 . 5 6 7 4 - 6 2 . 5 9 0 1
3 5 - 0 . 0 0 2 1 - 0 . 2 7 9 8 - 3 . 3 4 2 8 - 1 7 . 7 3 5 4 - 5 0 . 9 6 3 7 - 8 8 . 7 9 0 8
3 6 - 0 . 0 0 2 6 - 0 . 2 8 3 6 - 2 . 9 8 5 5 - 1 6 . 2 1 8 6 - 5 3 . 3 6 7 0 - 1 0 8 . 0 2 1 1
4 4 - 0 . 0 0 2 8 - 0 . 4 9 0 7 - 4 . 9 5 8 4 - 2 2 . 1 6 8 2 - 5 7 . 6 8 7 2 - 9 6 . 4 4 4 6
4 5 - 0 . 0 0 3 4 - 0 . 4 3 4 0 - 4 . 6 8 4 0 - 2 3 . 0 3 4 1 - 6 7 . 6 4 4 1 - 1 2 7 . 7  0 1 4
4 6 - 0 . 0 0 3 9 - 0 . 4 5 2 7 - 4 . 7 8 0 1 - 2 4 . 6 8 5 4 - 7 7 . 5 7 5 1 - 1 5 7 . 4 3 1 0
5 5 - 0 . 0 0 4 3 - 0 . 5 5 8 8 - 5 . 7 2 5 7 - 2 8 . 1 1 2 5 - 8 5 . 0 9 5 9 - 1 6 8 . 9 2 9 5
5 6 - 0 . 0 0 5 7 - 0 . 6 5 9 1 - 6 . 7 4 0 3 - 3 3 . 5 5 8 2 - 1 0 4 . 1 3 4 6 - 2 1 3 . 0 2 4 1
6 6 - 0 . 0 0 7 6 - 0 . 8 6 9 9 - 8 . 6 9 9 6 - 4 2 . 8 8 7 4 - 1 3 3 . 1 3 3 4 - 2 7 4 . 7 8 2 5
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TABLE 4 -  XXI I I
M =  3 C
k
i 3 1 2 3 4 5 6
1 . 0 0 0 0
4 . 6 7 2 8
8 . 8 8 3 3
1 4 . 1 7 2 0
2 0 . 5 6 6 1
2 8 . 0 5 1 1
1 i 4 . 5 6 1 4 - 1 9 . 8 0 0 3 4 4 . 7 6 2 6 - 7 0 . 5 6 2 5 8 1 . 4 6 7 4 - 6 8 . 6 7 6 1
1 2 - 0 . 2 3 3 7 0 . 0 5 2 3 - 6 . 5 4 6 4 6 . 2 1 8 8 - 8 . 0 0 7 2 4 . 3 5 0 0
1 3 0 . 0 2 9 4 - 1 . 3 4 3 4 - 2 . 2 6 9 9 - 6 . 8 9 0 4 1 . 8 8 4 2 - 6 . 5 3 0 0
1 4 - 0 . 0 0 8 1 - 0 . 0 6 2 2 - 2 . 9 7 9 4 - 5 . 4 1 0 4 - 8 . 9 1 1 5 - 4 . 1 3 7 2
1 5 - 0 . 0 0 0 6 - 0 . 0 9 2 9 - 0 . 5 8 8 0 - 5 . 6 1 7 8 - 1 0 . 5 0 4 8 - 1 3 . 9 8 0 8
1 6 0 . 0 0 0 9 - 0 . 0 6 1 6 - 0 . 5 6 8 4 - 2 . 6 0 2 3 - 1 1 . 0 9 3 2 - 1 8 . 8 3 4 4
2 2 - 0 . 0 0 2 7 - 2 . 3 9 6 1 - 8 . 9 3 0 3 - 8 . 4 3 0 4 - 3 . 2 9 6 3 - 8 . 8 1 2 5
2 3 - 0 . 0 1 0 8 - 1 . 0 7 2 2 - 8 . 4 2 2 7 - 1 7 . 4 8 7 1 - 1 5 . 4 4 5 3 - 1 5 . 7 5 8 0
2 4 - 0 . 0 0 1 0 - 0 . 3 4 2 7 - 4 . 2 6 3 0 - 1 8 . 3 3 2 8 - 3 1 . 0 6 5 4 - 3 2 . 4 8 4 3
2 5 - 0 . 0 0 1 4 - 0 . 1 5 3 5 - 1 . 9 8 5 0 - 1 2 . 3 2 9 4 - 3 6 . 9 9 3 4 - 5 5 . 2 0 4 9
2 6 - 0 . 0 0 1 4 - 0 . 1 6 6 1 - 1 . 6 6 8 4 - 9 . 2 6 8 7 - 3 3 . 5 1 1 4 - 6 9 . 8 5 0 6
3 3 - 0 . 0 0 2 5 - 0 . 9 0 1 0 - 7 . 4 6 7 9 - 2 3 . 1 8 3 1 - 3 4 . 6 4 0 0 - 3 6 . 9 3 7 1
3 4 - 0 . 0 0 3 3 - 0 . 4 8 4 6 - 5 . 2 9 0 9 - 2 2 . 1 2 7 5 - 4 9 . 2 0 0 0 - 6 7 . 2 7 6 6
3 5 - 0 . 0 0 1 9 - 0 . 2 8 8 3 - 3 . 5 0 2 1 - 1 8 . 9 0 9 6 - 5 4 . 9 8 1 8 - 9 5 . 9 8 4 7
3 6 - 0 . 0 0 2 4 - 0 . 2 9 3 1 - 3 . 1 1 9 5 - 1 7 . 1 8 4 9 - 5 7 . 4 0 1 5 - 1 1 6 . 9 0 0 3
4 4 - 0 . 0 0 2 4 - 0 . 5 1 3 2 - 5 . 2 5 4 7 - 2 3 . 7 6 8 2 - 6 2 . 3 5 4 6 - 1 0 4 . 2 8 0 2
4 5 - 0 . 0 0 3 2 - 0 . 4 5 1 0 - 4 . 9 4 0 6 - 2 4 . 6 0 8 2 - 7 3 . 0 7 8 7 - 1 3 8 . 4 5 1 8
4 6 - 0 . 0 0 3 7 - 0 . 4 7 0 5 - 5 . 0 2 5 5 - 2 6 . 3 0 4 0 - 8 3 . 7 1 9 7 - 1 7 0 . 8 5 6 5
5 5 - 0 . 0 0 4 0 - 0 . 5 8 3 4 - 6 . 0 4 7 2 - 3 0 . 0 5 0 4 - 9 2 . 0 0 6 0 - 1 8 3 . 5 2 9 1
5 6 - 0 . 0 0 5 4 - 0 . 6 8 8 3 - 7 . 1 1 9 5 - 3 5 . 8 7 4 7 - 1 1 2 . 6 6 0 6 - 2 3 1 . 7 3 8 7


















































































TABLE 4- ..XXV •
VALUES OF THE SKEWNESS RATIO K, FOR M = 15, 30 WHEN x = ~  $ UK
SKEWNESS RATIO K




0 . 94 0.286 0.670




















Fier. 4 - 1
M = 10
- ü . 0 3
0 .01
0.03 .
Radial velocity curves determined at the surface 
of the star M = 10 taking into account the
influence of the first four modes (----), the
first five modes and the first six
modes of oscillation.
r i g .  4 -  i i
1 5
0 . 0 8
0 . 0 6  -
0 . 0 4  -
0 . 0 2 -
0 . 0 2
0 . 0 4
0 . 06
0 . 09
6 . 3 0
R a d i a l  v e l o c i t y  c u r v e s  d e t e r m i n e d  a t  t h e  s u r f a c e  
o f  t h e  s t a r  M = I S  t a k i n g  i n t o  a c c o u n t  t h e
i n f l u e n c e  o f  t h e  f i r s t  f o u r  m o d e s  ( ------- ) ,  t h e
f i r s t  f i v e  m o d e s  a n d  t h e  f i r s t  s i x
m o d e s  o f  o s c i l l a t i o n .
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Fig. 4 I I I







a d i a 1 velocity curves determined at the sartac* 
the star ,M = 20 taking into account the
influence of the first four modes (----), the














Fig. 4 IV M = 3 0
Radial velocity curves determined at the surface 
of the star M = 30 taking into account the
influence of the first four modes (----), the




Radial velocity curves determined 
below the .surface of the star 





when the'first six modes of 
oscillation are taken into account.
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FIGURE 4-VI
Radial velocity curves determined 
below the surface of the star 
M  = 3 0  a t
X = 1.00 ( —
X 0.90 ( — ... •
X = 0.8 0 ( — ---  X
X r: 0.7 0 ( — —  ♦
X 0 . 60 (— ----  4-
when the first six modes of 




NON-LINEAR NÖN-A0IA8ATIC OSCILLATIONS OF MASSIVE STARS.
§5.1 INTROVUCT10 N
So far in this thesis the non-adiabatic terms occurring 
in the equation of motion governing the radial pulsations of 
a star have not been taken into consideration. Consequently, 
in this section, we will amplify the basic theory to include 
the non-adiabatic effects and then develop solutions of the 
resulting differential equations. Concerning the introduc­
tion of the non-adiabatic terms, Ledoux and Walraven [ 1 ] 
have pointed out that in the outer layers, where we have the 
greatest values of —^ , the adiabatic approximation breaks 
down.
Our problem, although still concerned with stellar 
pulsations, now takes on a somewhat different interpretation. 
Essentially we are now involved with aspects of the resulting 
vibrational stability of the massive stars considered in the 
last section, our purpose being more closely defined in 
what follows below.
Initially we have numerically evaluated the coeffic­
ient of pulsational stability, for several modes of 
oscillation for each of the massive stars M = 10, 15, 20, 30. 
It is the main object of this present investigation to 
determine the effect of any coupling between the modes, 
through the non-linear terms, which may ultimately limit the
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a m p l i t u d e  o f  t h e  o s c i l l a t i o n .  Two c a s e s  h a v e  b e e n  c o n s i d e r e d .  
F i r s t l y  we h a v e  t a k e n  t h e  m a s s i v e  s t a r  M = 10 w h e r e  b o t h  t h e  
f i r s t  a n d  s e c o n d  mo d e s  h a v e  p o s i t i v e  d a m p i n g .  S e c o n d l y ,  
when M = 3 0 ,  t h e r e  i s  t h e  p o s s i b i l i t y  t h a t  f i n i t e  o s c i l l ­
a t i o n s  may a r i s e  t h r o u g h  t h e  c o u p l i n g  o f  t h e  f i r s t  mode w i t h  
n e g a t i v e  d a m p i n g  a n d  t h e  s e c o n d  mode w i t h  p o s i t i v e  d a m p i n g .
The  n a t u r e  o f  t h e  r e s u l t i n g  o s c i l l a t i o n s  h a s  b e e n  d e t e r m i n e d  
f r o m  t h e  s e c o n d  o r d e r  a p p r o x i m a t i o n  t o  t h e  e q u a t i o n  o f  
m o t i o n  i n c l u d i n g  t h e  n o n - a d i a b a t i c  t e r m s .
E x t e n s i v e  d i s c u s s i o n  on  t h e  e n t i r e  q u e s t i o n  o f  s t e l l a r  
s t a b i l i t y  h a s  b e e n  p r e s e n t e d  by  P .  L e d o u x  i n  [ 2 6 ] ,  [ 2 7 ] ,
[ 2 8 ]  a n d  by  L e d o u x  a n d  W a l r a v e n  i n  [ 1  ] .  V/e w i l l  r e c a l l  
l a t e r  t h e  f o r m  o f  t h e  r e s u l t s  o b t a i n e d  by  L e d o u x  a n d  W a l r a v e n  
[ 1  ] a r i s i n g  f r o m  t h e i r  s t u d y  o f  n o n - a d i a b a t i c  p u l s a t i o n s .  
C l e a r l y  we a r e  d e a l i n g  w i t h  o n l y  o n e  a s p e c t  o f  t h e  o v e r a l l  
p r o b l e m  o f  s t e l l a r  s t a b i l i t y ,  a n d  c o n s e q u e n t l y  we w i l l  
c o n f i n e  o u r  i m m e d i a t e  i n t e r e s t  t o  t h i s  s e c t o r ;  i t  i s  n o t  
w i t h i n  t h e  s c o p e  o f  t h i s  t h e s i s  t o  s u r v e y  f u r t h e r  a s p e c t s  
o f  t h e  p r o b l e m .
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§5.2 P U L S A T I O N  C H A R A C T E R I S T I C S .
To determine aH - the coefficient of pulsational 
stability which is defined in §5.3 - and the coefficients 
of the differential equations which also arise in §5.3, 
we require, in addition to the relative amplitudes in 
position and pressure as already derived in §4.2 from the 
linear adiabatic approximation, the relative pulsation 
amplitudes in density, temperature and luminosity.
Following the solution of 4.2-1 and 4.2-2 we have 
values of ■—  and at our disposal for the calculation
of
and
<Sp _ 1 6p 
P ~ F 1 P
6T
T (r 3-i) <spp
throughout the star, and for
6L(r) . . ,ST Fz x d ,<5T,
l - 4 r + 4t  - r ^ T  V dx(_T' ’
from the edge of the convective core to the stellar surface 
where [35]
i+(r!-r3)
and in our notation
Rt x
V =
The numerical results of these computations are given 
in tables 5-1 to 5-XXIV where we have tabulated successive 
values of
P 1 A p p * T i = —Jjr and Ll
6 L 
L
for the first six modes of oscillation of the massive stars 
M = 10, 15, 20, 30. In this case we have not normalized to 
one the relative displacement amplitude at the surface as in 
§4.2.
It is of interest to examine these results in two 
ways. First, to compare the value of the jratio| of the 
relevant pulsation amplitudes at the surface and centre for 
the first mode with the equivalent values obtained from 
higher modes in the same star. Second, to compare the 
value of the |ratio| obtained for a particular mode with 
that of the same mode in a different model. We note here 
that in the first case the ratios increase significantly 
as the order of the mode increases, whereas a small decrease 
is recorded in the second case with increasing mass.
Allowing for the small differences between the two models,
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our results for the star of 26.2M (M = 10) compare favour­
ably with those obtained for the first mode by Schwarzs­




§5*3 E Q U A T I O N  OF M O T I O N  FOR N O N - A V I A B A T I C  P U L S A T I O N S .
The non-adiabatic form of the equation of motion, 
as considered here, represents an extension of the 
adiabatic equation 4.3-5 by inclusion of the non-adiabatic 
terms. In the following derivations it is clear that in 
each case we recover the adiabatic terms, which have 
already been established in the appropriate equations in 
chapter 4, plus the additional non-adiabatic terms.
Although the basic methods of solution to be used 
in this part (§5.3) have already been introduced we have 
adopted the policy of briefly recalling mathematical 
procedure, when it has been considered desirable for the 
sake of continuity, rather than referring back 
completely to earlier sections.
Taking the non-adiabatic form of equation 4.3-3, 
that is with
0 ,
w e can writ e
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5.3-1E = L l° + ( r 3- i )  Ep p d P «: cl£  - 9L (r )
Integrating this equation, and provided Ti(r ) is 
constant with respect to time during the course of an 
oscillation, then
In EL = in (E_) r 1 ( r 3-i)£- -
p (
f. 3 L ( c )  !
IS dt , 5.3-2
giving
exp P<r3- i )£ fe - MSI) dtJ 0 p  ^ 3 m  / (MP0 5.3-3
In addition, we can readily compare the general form 
of this equation with the equivalent equations 2.2-2 and 
4.3-4 by alternatively writing 5.3-3 as
= v(r ,t)(h_)P o p* 0  0
5.3-4
where
¥ (r ,t) = exp j>3-^  (e - , 5.3-5
It is appreciated that in equilibrium (zero subscript)
e = o o 5 .3-6
and following Ledoux and Walraven [ 1 ], we accept the 
integral in ^(r ,t) as a very small quantity to obtain the
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following form of 5.3-4 :
E- = (1 + 
p0
t 3L - r>
J 0
(r - D -  6 ( e - |ii)dt)(£-) . 5.3-73 P P„
Eliminating p from 4.3-2 gives
- r2 9 




- G m(rn )
2 9rp r  ^ o o o
ft
P ( M  
0 pc
(r,-l)H. 6(c - lZL)dt 5.3-3
as the equation of motion.
We have again introduced
r = r ( 1 + £ ) , 5 ( r ,t )o o ’
into the equation of motion to obtain in this case equation 
4.3-6 plus the additional term
- ( l + O 2
ri ft
p ' 1 (r5-i)— 6(p (£-)0 p. J p x'- aL)dte - 9m
5.3-9
on the right hand side.
The expansion of 5.3-9, now including both adiabatic 
and non-adiabatic terms, omitting terms of the third and 
higher order is given by
10
Terms on right hand side of 4.3-7 plusP r £ o o
a
3r
^ c* r( T 3-l)p 6(e - ^ O d t° o 3mo
- 2 ?
ft
I (r3-i)P 5(c - |^)dt0 o 3 mJ o
3
3r





(r3-i)p (Ap. - AP) ö (e - Ak)dto o  p 3mo * o
5 .3-10
Again, the variation of the radiation pressure throughout the
star (i.e, Tifr )) has been taken into account in this o
expansion, whereas Ledoux and Walraven [1] have taken
T i = r 3 = y .
Furthermore, we have
£ = £ n.(r )q.(t) 5.3-11
i
for the relative displacement, where the n^r^) corres­
pond to the eigenfunctions derived from the linear 
(adiabatic) problem. Now substituting 5.3-11, together with 
similar expressions separating the space and time variables 
for 6p , <Sp and 6(e - — •) , into 5.3-10 and on taking 
i = 2, that is considering the first and second modes of 
oscillation, we obtain
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Z p r  n . q . = -  E a ? p r  n . q . -  E A . . q . q .
o o i n i  . 1 0  o 1 ^ 1  . . 1 ]  i n
i  i  i f  3 J
E ar1 o ( r 3 - 1 >P0 '  d¥>n
f t
q . d t
- 2 1  n . q .-r—. . : 3
1 , ]  0
( r 3 - l  )p 5 ( e  -J o am n
f t
q . d t
. . 8r1 , 3  o r i « U  -  d i - V ^  q i dtJ 1 J * 0
+ , X. 3 F -1 , 3  o
( r 3- i ) ( r r i ) 6 P . 5 ( c  -  f _ )dm n . 
3
q ^ . d t
whe r  e
( i  = 1 , 2 ,  j = 1 , 2 )  5 . 3 - 1 2
Ai j  = [ p o r | ( 9 r i + i 5 / 2 )  -  %(9r* -  9 r , -  4 ) g o Po ] n . n .
+ 54 [ V o 1 ! 1 6 1 ! ' 1 ' ‘  r i ( 1 - 3 r i ) ( 4 P o - r o 8 o p o ]
( n j n 1 +
+ [ p o r o r 1( 3 r i - 1 ) ] < V i  + nj n i )
p o r i r o ( r i +%) •  ! s r i r o ( g o p or o ( r i + 1 )
-  4p ( 2 r + i )  0 1 n ! n !
+ % [ p o r o r i ( r i + 1 )  ( n j n i  + n3 n i ) 5 . 3 - 1 3
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A f t e r  m u l t i p l y i n g  5 . 3 - 1 2  b y  r ^ d r ^  ( a n d  l a t e r  by  r ^ r ^ d r ^ )  
a n d  t h e n  i n t e g r a t i n g  o v e r  t h e  v o l u m e  o f  t h e  s t a r ,  we p r o c e e d  
t o  c a r r y  o u t  t h e  f o l l o w i n g  c a l c u l a t i o n s  w h i c h  l e a d  u s  t o  
t h e  f i r s t  o f  t wo  s i m u l t a n e o u s  d i f f e r e n t i a l  e q u a t i o n s  i n  t h e
q ’ s .
T a k i n g  t h e  t h i r d  t e r m  on  t h e  r i g h t  o f  5 . 3 - 1 2  t h u s  
m o d i f i e d  a n d  i n t e g r a t i n g  by  p a r t s  we h a v e  f o r  i  = 1 t h e  
r e s u l t
[ jD
( T 3 - l ) p  6 ( e  -  T—) '  r 3 n 1 |d o dm ril o iJ
( r 3- 1 ) ( 3n , +r  n * ) 6 ( e  -  — ) p r j ; d r  ° 1 o 1 d m n - , 0 0 0 \
q i d t  •* r\
)
1 '  ’ “J
5 . 3 - 1 4
I f  we a s s u m e  t h a t
a n d
( i )  p = 0 a t  t h e  s u r f a c e ,
( i i )  6 ( e  -  3— ) r e m a i n s  f i n i t e  a tdm rt
t h e  s u r f a c e ,  t h e n  5 . 3 - 1 4  e q u a l s
/ 6T v . , <5(e
o T n l
dL N o j— ) p r ^ d r  dm n  ^ o o o q! dt .
5 . 3 - 1 5
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a s
(^) = - (r 3-1) ( 3n j +r on!) .
The coefficient of vibrational stability 0 " for the first 
mode of oscillation, as defined by Ledoux and Walraven [1 ], 
is given by
0 ti1 5.3-16
a being the frequency of the corresponding adiabatic 
pulsation. Hence 5.3-15 can be written in the form
r R
2o"a? p r 4n?dr . 5.3-171 1 I 0 0 1 0
J 0
Similarly, for i = 2 in the original third term from 
5.3-12, we obtain
'  r j »  /
0 n
( - dm p r 2dr q2<it 5.3-18
The remaining terms (fourth, fifth and sixth) on the right 
hand side of 5.3-12 have been treated on the same basis. 
Accordingly we have established the following differential 
equation which has been written in full:
ill
G?
—  q i  -
o \  a f N
l f rR
— - •  j A lg x i  I 1 ' o i r  drj i dr  1 o 1 o
R rR
+ q i q 2  I A 12^ 1 i d r o + q z
0 * * 0
A o o r ^ r n d r  v, 
o 1 o i
+ 2 a V —  —
1 a 2 a l J
q xdT
3 XTG lN i




( r 3 - l ) p  ( 6 e  -  r 2 ( 3 r 12 + 2 r o n 1 > i ; ) d r o q 1 I q ^ T
m  o
( r 3 - l ) p o ( 6 e  -  r 2 ( 3 n f  + 2 r o n i n ' 1 ) d r o q j q 2dx
+ 2 f ( r 3- i ) p  (St - r - 2 ( 3 n 1n 2 + r Qn J n 2 + 
J o n i
d r 0 q 2
q i d T
+ 2 ( r 3- i ) P ( 5 e  -  ( 3 n i n 2 + r o n i n 2 +
n 2
d r  q 
0 h 2
q 2dT
fR r / 5 T \  * r* d6L







• | q j d T
J o n l n i 0
fR r p i l )  « p ,  ( 6 p -
Jo n i
d 6 L ,  2 ,----- ) r z d rdm o o
f T
q2 J .m J 0
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- 5p j ( 6 e d 6 L N 2 j- ----- ) r^dr qdm o o ^ i
L
q2dx
0 hi h 2 J0
• 1
R
6 p 2 ( « e
d6L,- j----) r^dr q2dm o o
X
q2d x
0 n l h 2 J0
6 T f T
( r 1 -1  ) ( —  ) « P l < « e  -  3 ^ - )  , q ‘ d t
o m  n i J o
( r i - l ) ( - —)
ni
d ( 5 L ,  2 ^  — 'I - 2
o
6 p 2 ( 6 e . | i L )  + 6 p l ( 6 £ - f | 2 )
1 -
r  2d r  o o q q dx  o
( r 1 - l ) ( ^ i r ) 6 p 2 ( 5 e
ni
d 6 L .  2 j*5------) r ^ d rdm o o
h2
T 2 !q 2dT ) 5 . 3 - 1 9
J
w h e r  e
rR
N. = I p r 4 r | i d r  a n d  x = a , t  .1 j o o 1 o 1; o
P r o c e e d i n g  i n  t h e  same m a n n e r  -  f i r s t  m u l t i p l y i n g  by 
r ^ n 2 d r 0 a n d  t h e n  i n t e g r a t i n g  o v e r  t h e  v o l u m e  -  we o b t a i n  
t h e  s e c o n d  e q u a t i o n  o f  t h e  s i m u l t a n e o u s  s y s t e m #
F u r t h e r m o r e ,  we h a v e  i n t r o d u c e d  i n t o  5 . 3 - 1 9  ( a n d  t h e  
s e c o n d  e q u a t i o n )  t h e  v a r i a b l e s  p ,  t  a n d  m, a s  d e f i n e d  
e a r l i e r  i n  4 . 3 - 1 1 ,  f i n a l l y  a d o p t i n g  t h e  f o l l o w i n g  f o r m a t  
f o r  t h e  r e s u l t i n g  d i f f e r e n t i a l  s y s t e m  :
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q, = B , q, + B , q 2 + B q q + B q 2 
k  l , k Hk 2 » *  1 3 » k  1 2 4 , k 2
+ B I q dx + B . I q dx + (B . +B , )q q dx 
5 . k J 0 1 6 . k  ] 0 2 7 , k i l , k H i J  o H i
+ (B . +B . ) q  q dx + (B +B )q
8 * k 1 3 » k  1 J 0 2 9 * k  l 2 » k  2
q ^ d x
+ (B +B ) q  q dx + B . q 2 dx
l O . k  1 4 9 k 2 J 0 2 1 5 5 k J 0 *1
T B
1 6 9 k  .
f f T 2
q odT + B , ,  V »
0 1 2 1 7 , k  J 0 2
k = 1 5 . 3 - 2 0 ( a  ) ]
k = 2 5 . 3 - 2 0 ( b ) ]
> 5 . 3 - 2 0
n o t i n g  t h a t  i n  p a r t i c u l a r  t h e  t e r m s
B = 2 a M—L »
5 9 I  1 a 2
a n d
B = 2 a " —L  .








c o n t a i n  t h e  c o e f f i c i e n t  o f  v i b r a t i o n a l  s t a b i l i t y  f o r  t h e  
f i r s t  a n d  s e c o n d  mo d e s  r e s p e c t i v e l y .  The  r o l e  o f  t h e s e  
t e r m s  i n  t h e  l i n e a r  c o n t e x t  w i l l  b e  d e s i g n a t e d  i n  § 5 . 4 .  
C l e a r l y ,  t h e  c o e f f i c i e n t s  o f  t h e  e q u a t i o n s  5 . 3 - 2 0  a r e  c o n s t a n t  
w i t h  r e s p e c t  t o  t i m e ,  t h e i r  a c t u a l  v a l u e s  d e p e n d i n g  i n  t h i s
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X , X , X the fractional abundances of the C N 0
elements present in the stellar material 
by mass - the subscripts C, N, 0 
indicating carbon, nitrogen and oxygen 
respectively,
the total luminosity of the star, 
the energy generated per gram per second 
by nuclear processes - and on assuming a 
a power law [15], [29]
eCN = eopX(W X0 )TV ’ 5-3'21
where is regarded to be independent
of T in a given temperature range,
and together
Tc , Tg, R the central and effective temperatures 
and the radius of the star respectively. 
We recall that in the adiabatic situation there was no 
explicit requirement for these quantities. Consequently at 
this stage we will briefly outline the various methods used 
for their determination, basing any calculations on the same 
sequence of equilibrium models for massive stars [23] as
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s p e c i f i e d  i n  s e c t i o n  I I .
Now a s s u m i n g  a v a l u e  o f  M w h i c h  e q u a l s  p 2 M/M^ , 
t o g e t h e r  w i t h  a n  a p p r o p r i a t e  c h e m i c a l  c o m p o s i t i o n
X = 0 . 7 0 0 ,  Y = 0 . 2 7 0 ,  Z = 0 . 0 3 0 ,  XCNQ =
we c a n  d e t e r m i n e  t h e  m a s s  M o f  t h e  s t a r  a n d  h e n c e  t h e  
s t e l l a r  l u m i n o s i t y  w i t h  t h e  h e l p  o f
, _ 4 mGc M( 1 -  )
L  —  K
K
f r o  m C1 6 ] .
The  r a t e  o f  e n e r g y  g e n e r a t i o n  by  t h e  c a r b o n  c y c l e ,  
i n  t h e  f o r m  5 . 3 - 2 1  w i t h  l o g  e = -  1 0 6 . 6  a n d  v = 15 a s  
g i v e n  by  R e e v e s  [ 30 ] a n d  S t o t h e r s  [ 3 1 ] ,  c a n  a l t e r n a t i v e l y  
b e  e x p r e s s e d  t h u s
CN e x p ( - 2 . 3 0 2 5 8 x 1 6 . 6 )  X ( X„+X„+X)p  ( —L- )  .C N 0  1 0 6
5 . 3 - 2 2
H e n ce  u s i n g  5 . 3 - 2 2  we h a v e  d e t e r m i n e d ,  by  t h e  m e t h o d  o f  
Van d e r  B o r g h t  a n d  M e g g i t t  [ 1 6 ] ,  t h e  v a l u e  o f  t h e  c e n t r a l  
t e m p e r a t u r e  T c a n d  t h e n  t h e  r a d i u s  R o f  t h e  s t a r  f r o m
t h e  f o r m u l a  [ l  6] .
R =
t  M c 0
uT
f o l l o w e d  by  t h e  c a l c u l a t i o n  o f  t h e  e f f e c t i v e  t e m p e r a t u r e  




The main- results of these computations are given in table 
5-XXV where we have listed values of the physical character­
istics R, T , Te and L for M = 10, 15, 20, 30.
Two further aspects of our computations, relating to
the determination of the coefficients in 5.3-20, require
5 £explanation. First the calculation — — throughout the 
star results from
5.3-23
which was derived from 5.3—21, and secondly we followed the 
method of Schwarzschild and Harm [ 8 ] to establish the value 
of x^
L j < %  dra 5-3-24
c
in the convective core, taking
L . (ittEl) % [(«!) ♦ (il) I
f i C xfJ
as a suitable approximation to this integral 5.3-24,




edge of the convenctive core respectively.
Tabulated in table 5-XXVI are the results of our
numerical evaluation of the coefficients B. , ,D j ^
(j = 1,2. .17, k = 1,2.), for the first two inodes of 
oscillation of the four massive stars M = 10, 15, 20, 
and 30.
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§ 5 . 4  N U M E R I C A L  I N T E G R A T I O N  OF T H E  N O N - A V 1 A B A T 1 C  E Q U A T I O N .
I f  we c o n s i d e r  t h e  l i n e a r  a p p r o a c h  t o  t h i s  n o n -  
a d i a b a t i c  p r o b l e m  t h e n ,  t a k i n g  f o r  e x a m p l e  t h e  f i r s t  mode 
o f  o s c i l l a t i o n ,  we c a n  w r i t e  down a s i m p l e  s o l u t i o n  o f
q = B q + B I q d i ,  f r o m  5 . 3 - 2 0 ( a )  ,
1 1 » 1 1 5 » 1 J 0 ‘ 1
g i v i n g  t h e  a m p l i t u d e  i n  t h e  f o r m
»I T
- a . —
*  O  i  I t i la c o s  r e  1 , a < < a , i  = a t  ,
1 1 1
5 . 4 - 1
w h e r e  a "  i s  d e f i n e d  ( 5 . 3 - 1 6 )  a s  t h e  c o e f f i c i e n t  o f  
1
v i b r a t i o n a l  s t a b i l i t y  f o r  t h i s  mode a n d  a i s  t h e  i n i t i a l
d i s p l a c e m e n t .  P r e s u m a b l y  i n  t h i s  c a s e  f o r  a  n o n - c o n s e r v a t i v e
s y s t e m ,  a s  t  i n c r e a s e s  t h e  a m p l i t u d e  w i l l  t e n d  t o  z e r o  i f
o"  i s  p o s i t i v e ,  o r  a l t e r n a t i v e l y  i n c r e a s e  i f  a ” i s
n e g a t i v e .  H e n c e  we may c o n c l u d e  t h a t  a n o n - l i n e a r  a p p r o a c h
t o  t h e  p r o b l e m  i s  r e q u i r e d  t o  e s t a b l i s h  a  b a s i s  f o r
o b s e r v e d  p e r i o d i c  o s c i l l a t i o n s  o f  f i n i t e  a m p l i t u d e  [ 1 ] .
I n  t a b l e  5 -XXVII  t h e  n u m e r i c a l  v a l u e s  o f  a!’ a r ek
g i v e n  f o r  t h e  f i r s t  s i x  m o d e s  o f  o s c i l l a t i o n ^  k = 1 , 2 . . 6 ,
f o r  e a c h  o f  t h e  f o u r  m a s s i v e  s t a r s  M = 1 0 ,  1 5 ,  2 0 ,  3 0 .
The  r e c i p r o c a l  o f  a "  g i v e s  t h e  t i m e  r e q u i r e d  f o r  t h eK
a m p l i t u d e  o f  t h e  o s c i l l a t i o n  t o  i n c r e a s e  ( a ” n e g a t i v e )  o r
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The  o u t c o m e  o f  t h e s ed e c r e a s e  ( g” p o s i t i v e )  by  a f a c t o r  e .  
r e s u l t s  i s  t h a t  a l l  mode s  o f  t h e  s t a r s  M = 10  a n d  15  a r e  
c o n s i d e r e d  t o  b e  p u l  s a t i o n a l l y  s t a b l e ,  w h e r e a s  t h e  f i r s t  
mode f o r  e a c h  o f  t h e  s t a r s  M = 20 a n d  30 i s  p u l s a t i o n a l l y  
u n s t a b l e  w i t h  a l l  r e m a i n i n g  h i g h e r  mode s  b e i n g  p u l s a t i o n a l l y  
s t a b l e .
Two p a p e r s ,  f i r s t  o n e  b y  L e d o u x  [ 3 2 ]  a n d  t h e n  o n e  
some t i m e  l a t e r  by  S c h w a r z s c h i l d  a n d  Harm [ 8 ] d e a l i n g  w i t h  
m a s s i v e  s t a r s ,  h a v e  b o t h  e s t a b l i s h e d  a  c r i t i c a l  m a s s  f o r  
p u l s a t i o n a l  s t a b i l i t y ;  t h a t  i s ,  a n y  s t a r  w i t h  a m a ss  
g r e a t e r  t h a n  t h i s  c r i t i c a l  m a s s  w o u l d  be  c o n s i d e r e d  i n i t i a l l y  
p u l s a t i o n a l l y  u n s t a b l e .  B o t h  t h e s e  p a p e r s  o u t l i n e  i n  
c o n s i d e r a b l e  d e t a i l  t h e  v a r i o u s  p h y s i c a l  f a c t o r s  
c o n t r i b u t i n g  t o  p u l s a t i o n a l  i n s t a b i l i t y  ( o r  s t a b i l i t y ) *
T a k i n g  t h e  c r i t i c a l  m a s s  f i g u r e  g i v e n  i n  t h e  l a t t e r  p a p e r  
f o r  h o m o g e n e o u s  m o d e l s  a n d  t h e n  c o r r e c t i n g  f o r  t h e  
d e p e n d e n c e  o f  t h i s  v a l u e  on  t h e  s t e l l a r  c o m p o s i t i o n  
(u^M^p = c o n s t ,  [ B ] ) ,  we f i n d  on  c o m p a r i s o n  t h a t ,  i n  o u r  
c a s e ,  we h a v e  a s l i g h t l y  l o w e r  v a l u e  f o r  t h e  c r i t i c a l  
m a s s .  T h i s  l o w e r  v a l u e  i s  p r o b a b l y  a c c o u n t e d  f o r  by  t h e  
d i f f e r e n c e  i n  a b u n d a n c e s  i n  t h e  t w o  h o m o g e n e o u s  m o d e l s
r e p r e s e n t i n g  t h e  i n i t i a l  m a i n - s e q u e n c e  s t a t e .
I n  t h e  p a s t  t h e  n o n - a d i a b a t i c  e q u a t i o n  h a s  u s u a l l y  b e e n  
c o n s i d e r e d  i n  i t s  l i n e a r  f o r m  -  t o  a s c e r t a i n  t h e  s t a t e  o f
120
v i b r a t i o n a l  s t a b i l i t y  o f  t h e  s t a r .  An i n v e s t i g a t i o n  o f  t h e
n o n - l i n e a r  n c n - a d i a b a t i c  e q u a t i o n  h a s  b e e n  made by  L e d o u x
a n d  W a l r a v e n  [ 1 ] ,  w h e r e  t h e y  h a v e  e x a m i n e d  c o u p l i n g
b e t w e e n  t h e  f i r s t  two  m o d e s  o f  o s c i l l a t i o n ;  t h e  m e t h o d  o f
v a r i a t i o n  o f  p a r a m e t e r s  was  u s e d  t o  d e v e l o p  a s o l u t i o n  f o r
t h e  d i s p l a c e m e n t  t o  t h e  s e c o n d  a p p r o x i m a t i o n .  W r i t t e n  i n
o u r  n o t a t i o n ,  t h e i r  t w o  e q u a t i o n s  w i t h  T = T = y , t h a t
1 3
i s  on n e g l e c t i n g  r a d i a t i o n  p r e s s u r e ,  t a k e  t h e  f o r m  o f  
5 . 3 - 2 0  w i t h
B = 0 , B = 0 , B.  , = 0 ( j  -  4 , 7 , 8 . . 1 7 ,  k = 1 , 2 )
5 > 2 6 » 1 3 * k
A n o t h e r  a p p r o a c h  t o  t h i s  p r o b l e m  h a s  b e e n  u n d e r t a k e n  by  
K r o g d a h l  [ 3 3 ]  who ,  a f t e r  m o d i f y i n g  t h e  e q u a t i o n s  o f  m o t i o n  
f o r  a p u l s a t i n g  s t a r ,  h a s  made  u s e  o f  l i m i t  c y c l e  s o l u t i o n s  
i n  h i s  i n v e s t i g a t i o n  o f  n o n - c o n s e r v a t i v e  s e l f - e x c i t e d  s y s t e m s .
Our n u m e r i c a l  a p p r o a c h  t o  t h e  n o n - l i n e a r  n o n - a d i a b a t i c  
e q u a t i o n  h a s  b e e n  t o  f i r s t  c o n s i d e r  t h e  mo d e s  s e p a r a t e l y  
a n d  t h e n  c o u p l e d .  I t  i s  h o p e d  t h a t  i n  t h i s  m a n n e r  we c a n  
g a i n  some a p p r e c i a t i o n  o f  t h e  r e s u l t a n t  c o u p l i n g  b e t w e e n  
t h e  mo d e s  b y  o b s e r v i n g  a n y  v a r i a t i o n  i n  t h e i r  r e s p e c t i v e  
a m p l i t u d e s  d e t e r m i n e d  i n  e a c h  c a s e .
I n i t i a l l y ,  b y  s e p a r a t e l y  i n t e g r a t i n g  t h e  f o l l o w i n g  
e q u a t i o n s  ( w h i c h  do n o t  c o n t a i n  t h e  c o u n t i n g  t e r m s ) :
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for the first mode
u
0 1 T
q = - q + B q2 + 2--
1 1 2 * 1 1  Oi  J
q di + (B +B )q 
1 7,1 1 1 9 1 1 J
q dx 1
+ B q2dx ,
15,1 J0 -l
and for the second mode
(5.3-20(a ) with q = 0)2
5.4-2
q = - -- q + B q + 2
2 of 2 4,2 2
a 2 a I ft
----  q dx
a 3 J0 2
+ ( B + B ) q10,2 14,2 2 J q dx + B 17,2 J 0 2q2dx ,
(5.3-20(b) with q = 0)
1
5.4-3
we have been able to determine the amplitude* of the 
respective modes over the time interval x = 0 to x = 50,000 
(t = 2.141 * 10^ sec).
^Although we have based the following discussion on 
the amplitude of the q^, it is understood that the 
actual relative displacement of the i^ -^ mode at r 0 
is ni(r c )q■(t). However under these circumstances 
the sign ot the ru must be taken into account 
especially as the have not been normalized to 
+ 1 at the surface In this section.
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The  r e s u l t s  o f  t h e s e  c a l c u l a t i o n s ,  c o r r e s p o n d i n g  t o  t h e
i n i t i a l  v a l u e s
= + 0 . 0 1 0  a n d  q = + 0 . 0 0 1
1
a r e  g i v e n  i n  t a b l e  5 - X X V I I I ,  a n d  i l l u s t r a t e d  g r a p h i c a l l y  i n  
t h e  c a s e  o f  t h e  s e c o n d  mode i n  F i g u r e  5 - 1 ,  f o r  t h e  f o u r  
m a s s i v e  s t a r s  M = 1 0 ,  1 5 ,  20 a n d  3 0 .  We h a v e  a l s o
e v a l u a t e d  t h e  a m p l i t u d e s  p r e d i c t e d  by  t h e  s o l u t i o n  5 . 4 - 1  
a n d  i t  a p p e a r s  t h a t ,  f o r  v a l u e s  o f  x up t o  5 0 , 0 0 0  a n y h o w ,  
t h e r e  i s  r e a s o n a b l e  a g r e e m e n t  f o r  t h e  f i r s t  mo d e ,  b u t  t h i s  
i s  n o t  n e c e s s a r i l y  so  f o r  t h e  s e c o n d  mode .
F u r t h e r ,  t h e s e  r e s u l t s  i n d i c a t e  t h a t  t h e r e  h a s  b e e n  a 
s l i g h t  s h i f t  i n  t h e  p o s i t i o n  ( r e l a t i v e  t o  q = 0)  a r o u n d  
w h i c h  t h e  o s c i l l a t i o n s  a r e  t a k i n g  p l a c e .  T h i s  s h i f t  c a n  
be  e x p l a i n e d ,  i n  p a r t ,  b y  c o n s i d e r i n g  t h e  s o l u t i o n  g i v e n  
b e l o w  f o r  t h e  e q u a t i o n  5 . 4 - 2 ,  b u t  r e s t r i c t e d  t o  t h e  f i r s t  
t h r e e  t e r m s  o n  t h e  r i g h t  h a n d  s i d e  o n l y .  By u s i n g  t h e  
m e t h o d  o f  v a r i a t i o n  o f  p a r a m e t e r s  we h a v e  o b t a i n e d  f o r  t h e  
d i s p l a c  e m e n t









where a is the initial displacement (relative to q = 0) 
at t = 0 . For the first mode, the order of magnitude and 
sign of the significant term (second on the right above )% 
are in accord with our earlier numerical results.
Following this consideration of the individual modes, 
the two complete equations 5.3-20, containing the coupling 
terms, have been integrated simultaneously over the same 
time interval and with the same initial conditions as above. 
In this instance the calculations have been based on the 
two stellar models M = 10 and 30 (the reasons governing 
the particular choice of these two stars were given in 
§5.1) and the results conveyed in Figures 5-II, 5-III and 
5-IV, 5-V respectively - the effect of coupling on the
individual modes is clearly indicated.
If these results are interpreted, on the basis of the 
stability coefficient we find, in the case of ,M = 10. 
(positive damping for both modes), that the mean amplitude 
of the coupled modes does not deviate to any great extent 
from the amplitude determined for the separate uncoupled 
modes. However in the case of M = 30 (negative damping for 
the first mode, positive damping for the second) we have a
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m o s t  i n t e r e s t i n g  r e s u l t ,  p a r t i c u l a r l y  i n  v i e w  o f  W o l t j e r ’ s [ 3 4 ]  
s u g g e s t i o n  [ 3 ]  c o n c e r n i n g  c o u p l i n g  b e t w e e n  m o d e s ,  w h e r e  t h e  
mean a m p l i t u d e  o f  t h e  f i r s t  mode ( c o u p l e d )  i s  l e s s  t h a n  
t h e  c o r r e s p o n d i n g  u n c o u p l e d  mo d e ,  w h i l e  t h e  mean a m p l i t u d e  
o f  t h e  s e c o n d  mode ( c o u p l e d )  i s  n e a r l y  t w i c e  t h a t  o f  t h e  
u n c o u p l e d  mo d e .
I t  i s  a p p r e c i a t e d  t h a t  t h e  c h o i c e  o f  i n i t i a l  v a l u e s
f o r  q a n d  q i s  r a t h e r  a n  a r b i t r a r y  o n e ,  a n d  
1 2
a c c o r d i n g l y  t h e  a b o v e  c a l c u l a t i o n s  h a v e  b e e n  r e p e a t e d  f o r  
M = 3 0 ,  t h i s  t i m e  w i t h
q = + 0 . 0 2  , q = + 0 . 0 1  a t  x = 0 ,
1 2
a n d  t h e  r e s u l t s  r e c o r d e d  i n  f i g u r e s  5 - VI  a n d  5 - V I I .  On
c o m p a r i s o n  o f  t h e s e  r e s u l t s  w i t h  t h e  r e s u l t s  g i v e n  i n
f i g u r e s  5 - I V  a n d  5-V t h e r e  i s  no d o u b t  t h a t  t h e  c h o i c e
o f  t h e  i n i t i a l  v a l u e s  f o r  q a n d  q h a s  a  c o n s i d e r a b l e
1 2
b e a r i n g  o n  t h e  b e h a v i o u r  o f  t h e  i n d i v i d u a l  m o d e s .
We h a v e  a l r e a d y  n o t e d  t h a t ,  f o r  t h e  u n c o u p l e d  m o d e s ,  
t h e r e  i s  a  s h i f t  i n  t h e  p o s i t i o n  a r o u n d  w h i c h  t h e  o s c i l l a t i o n s  
a r e  t a k i n g  p l a c e .  The  s ame  s i t u a t i o n  o c c u r s  i n  t h e  c a s e  o f  
t h e  c o u p l e d  m o d e s .  I n  o u r  n o t a t i o n  t h e  t e r m
s 2 , l  ,  - 2 o 'It /
r*. ^ f r o m  5 . 4 - 4
also appears in the solution given by Ledoux and Walraven 
[ 1 ] for the first mode with coupling, with an equivalent 
term appearing in the solution for the second coupled mode.
As a means of identifying the contribution made by the 
individual integral terms in 5.3-20 we have recorded in 
table 5-XXIX the values of the following quantities:
dl2
X = Y ( 1 ) -r--  = Y ( 6 )
dql
dt = Y ( 2 ) q2 = Y(7)










= Y ( 9 )
q ! d t = Y ( 5 ) | q xq2dT
' 0
= Y (10 ) ,
5.4-5
for several values of t .
Obviously a complete solution of this non-adiabatic 
problem is beyond the scope of continuing numerical 
integration. Asymptotic methods appear to offer an 
alternative for determining the resultant form of the 
oscillations which may develop as a consequence of vibrational 
instability.
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Clearly we cannot draw any general, as distinct from 
specific, conclusions on the basis of this investigation, 
however our results do show that coupling through non­
linear terms does initially modify the form of the 
o scillations.
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CAPTIONS FOR TABLES 5-1 5-XXIV
Relative pulsation amplitudes in
po sitio n 5r—  = rr 1
density 5p
pre ssur e 6p
5 Tand temperature —— = T throughout theT 1
star from x = 0 to x = 1 , 
<$Land luminosity L from the edge of
the convective core to x = 1 ,
for the first six modes of oscillation for the massive stars 
M = 10, 15, 20 and 30.
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1 . 2 6 2 3 + 0 0 0  
1 , 2 7 5 7 + 0 0 0  
1 . 2 9 0  5 + Ono 
1 , 3 0 6 8 + 0 0 0  
1 . 3 2 4 8 + 0 0 0  
1 , 3  4 4  5 + 0 0 0  
1 . 3 6  61  + 0 0 0  
1 . 3 8 9 8 + 0 0 0  
1 . 4 1 5 7 + 0 0 0  
1 , 4 4 4 2  + 0 0 0  
1 . 4 7 5 4 + 0 0 0  
1 . 5 0 9 8 + 0 0 0  
1 . 5 4 7 5 + 0 0 0  
1 . 5 8 7 5 + 0 0 0  
■ 1 . 6 3 0 1  + 0 0 0  
■ 1 . 6 7 5 6  + 0 0 0  
■ 1 . 7 2 4 1 + 0 0 0  
■ 1 . 7 7 5 9  + 0 0 0  
• 1 . 8 3 1 3  + 0 0 0  
• 1 . 8 9 0 6  + 0 0 0  
■ 1 . 9 5 4 0  + 0 0 0  
- 2 . 0 2 1 7  + 0 0 0  
- 2 . 0 9 4 1  + 0 0 0  
- 2 . 1 7 1 4  + 0 0 0  
- 2 . 2 5 3 9  + 0 0 0  
- 2 . 3 4 1 8 + 0 0 0  
- 2 . 4 3 5 5 + 0 0 0
- 2 . 5 3 5 3  + 0 0 0  
- 2 , 6 4 1 4 + 0 0 0  
- 2 . 7 5 4  2 + 0 0 0  
- 2 , 8  14 1  +  0 0 0  
- 3 . 0 0 1 3 + 0 0 0  
- 3 . 1 3 6 4 + 0 0 0  
- 3 . 2 7 9 6  + 0 0 0  
- 3 . 4 3  1 6 + 0 0 0  
- 4 . 1 5  7 6 + 0 0  0
1 • 1 6 8 7  + O0O 
1 . 2 7 2 2 + 0 0 0  
1 . 3 7 8 8 + 0 0 0  
• 1 . 4 8 9 5 + 0 0 0  
•1 • 6 o 5  5 + 0 0 0  
■1 • 7 2 7 6 + 0 0 0  
■1.8 5 7 2 + 0 0 0  
■ 1 . 9 9 5 7 + 0 0 0  
■ 2 . 1 4 4 1  + 0 0 0  
- 2 . 3 o 4 1  + o o o  
- 2 . 4 7 6 8  + 0 0 0  
- 2 . 6 6 3  8 + 0 0 0  
-2 • 8 6 6 5  + 0 0 0  
- 3 . 0 8 6 8 4  00 0  
- 3 . 3 2 6 2 + 0 0 0  
-3 • 5 8 6 7 + 0 0 0
- 3 . 8 7 o 2 + ooo 
-4 . 1 7 8 7 +  o o o  
- 4 . 5  14X+-O00 
- 4 . 8 7 9 5 + 0 0 0  
- 5 . 2 7 6 7 + 0 0 0  
- 5 . 7 o 8 8  + oOO 
- 6 . 1 7 8 4 + 0 0 0  
.8 7 5 4 6  2 + 0 0 0
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TABLE 5 X I V
2 0 : Mod e  2
r  i _______ R l _____________ P l T i Ll
0 . 0 0 0 0 + 0 0 0
2 . 0 0 0 0 - 0 0 2
4 . 0 0 0 0 -  0 0 2
6 . 0 0 0 0 -  0 0 2
8 . 0 0 0 0 - 0 0 2
1 . 0 0 0 0 - 0 0 1
1 . 2 0 0 0 - 0 0  1
1 . 4 0 0 0 -  0 0 1
1 . 6 0 0 0 - 0 0 1
1 . 8 0 0 0 - 0 0 1
2 . 0 0 0 0 - 0 0 1  
2 . 2  0 0 0 - 0  01
2 . 4 0 0 0 -  0 0 1
2 . 6 0 0 0 - 0 0 1
2 . 8 0 0 0 - 0 0 1
3 . 0 0 0 0 -  0 0 1
3 . 2 0 0 0 -  0 0 1
3 . 4 0 0 0 -  0 0 1
3 . 6 0 0 0 -  0 01
3 . 8 0 0 0 -  0 0 1
4 . 0 0 0 0 -  0 0 1
4 . 2 0 0 0 -  0 0 1
4 . 4 0 0 0 -  0 0 1
4 . 6 0 0 0 -  0 01
4 . 8 0 0 0 -  0 01
6 . 0 0 0 0 -  0 0 1
5 . 2 0 0 0 -  0 01
5 . 4 0 0 0 -  0 0 1
5 . 6 0 0 0 -  0 0 1
5 . 8 0 0 0 -  0 0 1
6 . 0 0 0 0 - 0 0 1
6 . 2 0 0 0 -  0 01
1 . 0 0 0 0 + 0 0 0  
9 . 9 9 8 7 - 0 0 1  
9 . 9 9 3 2 - 0 0 1  
9 . 9 8 3 7 - 0 0 1  
9 . 9 7 0 1 - 0 0 1  
9 . 9 5 1 8 - 0 0 1  
9 . 9 2 8 5 - 0 0 1  
9 . 8 9 9 3 - 0 0 1  
9 . 8 6 3 3 - 0 0 1  
9 . 8 1 9 6 - 0 0 1  
9 . 7 6 6 9 - 0 0 1  
9 . 7 0 3 6 - 0 0 1  
9 . 6 2 8 0 - 0 0 1  
9 . 5 3 7 8 - 0 0 1  
9 . 4 3 0 6 - 0 0 1  
9 . 3 0 3 4 - 0 0 1  
9 . 1 5 2 7 - 0 0 1  
8 . 9 7 4 2 - 0 0 1  
8 . 7 6 3 1 - 0 0 1  
8 . 5 1 3 5 - 0 0 1  
8 . 2 1 8 5 - 0 0 1  
7 . 8 6 9 7 - 0 0 1  
7 . 4 5 7 3 - 0 0 1 -  
6 . 9 6 9 3 - 0 0 1 -  
6 . 3 9 1 3 - 0 0 1 -  
5 . 7 0 5 8 - 0 0 1  
4 . 8 9 2 1 - 0 0 1  
3 . 9 2 5 9 - 0 0 1  
2 . 7 7 8 5 - 0 0 1  
1 . 4 1 6 3 - 0 0 1  
- 2 . 0 0 2 0 - 0 0 2  
- 2 . 1  1 6 8 - 0 0 1
6 . 4 0 0 0 - 0 0 1 - 4 . 3 8 7 0 - 0 0 1
6 . 6 0 0 0 - 0 0 1
6 . 8 0 0 0 - 0 0 1
7 . 0 0 0 0 -  0 0 1
7 . 2 0 0 0 -  0 0 1
7 . 4 0 0 0 -  0 0 1
7 . 6 0 0 0 -  0 01
7 . 8 0 0 0 -  0 0 1
8 . n o o o - 0 0 1
8 . 2 0 0 0 -  0 0 1
8 . 4 0 0 0 -  0 01
8 . 6 0 0 0 -  0 0 1
8 . 8 0 0 0 -  0 01
9 . 0 0 0 0 -  0 0 1
9 . 2 0 0 0 - 0 0 1
9 . 4 0 0 0 -  0 0 1
9 . 6 0 0 0 - 0 0
9 . 8 0 0 0 - 0 0 1
1 . 0 0 0 0 + 0 0 0
- 7 . 0 7 2 8 - 0 0 1
- 1 . 0 2 4 6 + 0 0 0
- 1 . 3 9 9 1 + 0 0 0
- 1 . 8 4 0 2 + 0 0 0
- 2 . 3 5 9 2 + 0 0 0
- 2 . 9 6 8 7 + 0 0 0
- 3 . 6 8 3 6 + 0 0 0
- 4 . 5 2 0 8  + 0 0 0
- 5 . 4 9 9 6 + 0 0 0
- 6 . 6 4 2 4 + 0 0 0
- 7 . 9 7 4 7 + 0 0 0
- 9 . 5 2 6 0 + 0 0 0
- 1 . 1 3 3 0 + 0 0 1
- 1 . 3 4 2 4 + 0 0 1
- 1 . 5 8 5 3 + 0 0 1
- 1 . 8 6 6 8 + 0 0 1
- 2 . 1 9 2 5 + 0 0 1
- 2 . 5 6 9 4 + 0 0
- 4 . 3 8 8 4 + 0 0 0  
- 4 . 3 8 4 7 + 0 0 0  
- 4 . 3 7 8 4 + 0 0 0  
- 4 . 3 6 9 2 + 0 0 0  
- 4 , 3  5 6 5 + 0 0 0  
- 4 . 3 4 0 0 + 0 0 0  
4 . 3 1 8 7 + 0 0 0  
- 4 . 2 9 1 8 + 0 0 0  
- 4 . 2 5 8 1 + 0 0 0  
- 4 . 2 1 6 1 + 0 0 0  
- 4 . 1 6 4 2 + 0 0 0  
- 4 . 1 0 0 2 + 0 0 0  
- 4 . 0 2  17 + 0 0 0  
- 3 . 9 2 5 4 + 0 0 0  
- 3 . 8 0 7 9 + 0 0 0  
- 3 . 6 6 4 5 + 0 0 0  
- 3 . 4 8 9 9 + 0 0 0  
- 3 . 2 7 7 6 + 0 0 0  
3 . 0 1 9 5 + 0 0 0  
- 2 . 7 0 5 9 + 0 0 0  
- 2 . 3 2 4 9 + 0 0 0  
1 . 8 6 1 6 + 0 0 0  
1 . 2 9 7 7 + 0 0 0  
6 . 0 9 8 3 - 0 0  1 
2 . 2 8 9 7 - 0 0 1  
1 . 2 5 0 2 + 0 0 0  
2 . 4 9 1 2 + 0 0 0  
3 . 9 9 6 4 + 0 0 0  
5 . 3 1 8 1 + 0 0 0  
8 . 0 1 8 1 + 0 0 0  
1 . 0 6 6 9  + 0 0 1  
1 . 3 8 5 7 + 0 0 1  
1 . 7 6 8 1 + 0 0 1  
2 . 2 2 5 8 + 0 0 1  
2 . 7 7 2 4 + 0 0 1  
3 . 4 2 3 9 + 0 0 1  
4 . 1 9 8 7 + 0 0 1  
5 . 1 1 8 3 + 0 0 1  
6 . 2 0 7 7 + 0 0 1  
7 . 4 9 5 7 + 0 0 1  
9 . 0 1 6 0 + 0 0 1  
1 . 0 8 0 7 + 0 0 2  
1 . 2 9 1 5 + 0 0 2  
1 . 5 3 9 1 + 0 0 2  
1 . 8 2 9 4 + 0 0 2  
2 . 1 6 9 6 + 0 0 2  
2 . 5 6  ( 6 + 002  
3 . 0 3 2 7 + 0 0 2  
3 . 5 7 5 6 + 0 0 2  
4 . 2 0 9 1 + 0 0 2
3 . o n n n+oon  - 
2 . 9 9 9 0 + 0 0 0 -  
2 . 9 9 6 2  + 0 0 0 -  
2 . 9 9 1 5 + 0 0 0 -  
2 . 9 8 4 5 + 0 0 0 -  
2 . 9 7 5 0 + 0 0 0 -  
2 . 9 6 2 6  + 0 0 0  
2 . 9 4 6 9  + 0 0 0 -  
2 . 9 2 7 1 + 0 0 0  
- 2 . 9 0 2  5 + 0 0 0  
2 . 8 7 2 1 + 0 0 0  
- 2 . 8 3 4 8 + 0 0 0  
- 2 . 7 3 9 2 + 0 0 0  
- 2 . 7 3 3 5 + 0 0 0  
- 2 . 6 6 5 7 + 0 0 0  
- 2 . 5 8 3 3  + 0 0 0  
- 2 . 4 8 3 5 + 0 0 0  
- 2 . 3 6 2  5 + 0 0 0  
- 2 . 2 1 6 0 + 0 0 0  
- 2 . 0 3 8 9 + 0 0 0  
- 1 . 8 2 4 6 + 0 0 0  
1 . 5 6 5 3 + 0 0 0  
- 1 . 2 5 1 4 + 0 0 0  
- 8 . 7 0 7 7 - 0 0 1  
- 4 . 0 8 4 5 - 0 0 1  
1 . 5 3 1 4 - 0 0 1  
8 . 3 4 9 3 - 0 0 1  
1 . 6 6 1 8 + 0 0 0  
2 . 6 6 3 2 + 0 0 0  
3 . 8 7 4 0 + 0 0 0  
5 . 3 3 5 1 + 0 0 0  
7 . 0 9 5 1 + 0 0 0  
9 . 2 1 0 3 + 0 0 0  
1 . 1 7 4 7  + 0 0 1  
1 , 4 7 8 4 + 0 0 1  
1 . 8 4 1 0  + 0 0 1  
2 , 2 7 3 1 + 0 0 1  
2 . 7 8 7 1 + 0 0 1  
3 . 3 9 7 1 + 0 0 1  
4 . 1 1 9 8 + 0 0 1  
4 . 9 7 4 3  + 0 0 1  
5 . 9 8 2 9 + 0 0 1  
7 . 1 7 1 5  + o n l  
8 . 5 6 9 8 + 0 0 1  
1 . 0 2 1 2 + 0 0 2  
1 . 2 1 3 9 + 0 0 2  
1 . 4 3 9 6 + 0 0 2  
1 . 7 0  3 7 + 0 0 2  
2 . 0 1 2 3 + 0 0 2  
2 . 3  72 5 + 0 0  2 
2 . 7 9 2 9 + 0 0 2
1 . 19 1 2 + o o o  
1 . 1 9 o 9  + 0 n o  
1 . 1 9 o 2 + 0 o o  
1 .  18 88 + Ono 
1 , 1 8  69  + 000  
1 . 1 8 4 2  + 0 0 0  
1 .  1 8 0 6  + 0 ^ 0  
1 , 1 7 5 8  + 0 ^ 0  
1 , 1 6 9 7  + 0 0 0  
1 , 1 6 1 9  + 0 0 0
1 . 1  5 1 9  + 0 0 0  
1 , 1 3 9 5 + 0 0 0  
l , 1 2 3 8 + 0 o o  
1 , 1 n 4 3 + 0 o 0 
1 . 0 8 0 1  + 0 0 0  
1 . 0 5 0 0 + 0 0 0  
1 , 0 1 2 9 + 0 0 0  
9 , 6 7 2 o - 0 o l  
9 . 1 0 9 5 - 0 0 1  
8 . 4 1 8 5 - 0 o l  
7 . 5 6 9 8 - 0 0 1  
6 , 5 2  8 0 - 0 0  1 
5 . 2 4 8 4 - 0 0 1  
3 , 6 7 4 6 - 0 o l  
1 , 7 3 4 8 - 0 0 1  
6 . 5 4 5 7 - 0 0 2  
3 . 5 8 5 3 - 0 0 1  
7 . 1 6 6 5 - 0 0 1  
1 . 1 5 2 7 + 0 0 0  
1 . 6 3 2 0  + 0 0 0  
2 . 3 2 2 5 + O O 0  
3 . 0 9 5 3 + 0 0 0  
4 . 0 2 5 5 + 0 0 0  
5 . 1 4  19 + 0 0 0  
6 . 4 7 8 6 + 0 0 0
8 . 0 7  5 4 + 0 0 0  
9 . 9 7 8 6 + 0 0 0  
1 . 2 2 4 2  + 001  
1 . 4 9 2 8 + 0 0 1  
1 . 8 1  l o  + o o l  
2 . 1 8 7 2  + 00 1 
2 . 6 3 1 1 + 0 0 1
3 . 1  5 42 + O n 1 
3 . 7 6 9 6 + 0 ^ 1  
4 , 4 9 2 3 + 0 ^ 1  
5 . 3 4 0 0 + 0 0 1  
6 . 3 3 3 1 + 0 0 1  
7 . 4 9 4 8 + 0 0 1
8 . 8  5244-00 1 
1 . 0 4 3 7 + Q 0 2  
1 . 2 2 8 6 + 0 ^ 2
9 . 2 9 6 3 - 0 0 1  
7 • 4oO 4— o o 1 
4 . 6 6 8 4 - 0 0 1  
8 . 8 5 1 2 - 0 0 2  
4 . 2 2 3 6 - 0 Q 1  
1 • 1 OQ3+O00 
1 , 9 8 7 4 + n o O
3 . 1  3 8 l + ooO 
4 . 6  1 7 9 + 0 0 0
6 . 5  1 0 2 + 0 0 0  
8 . 9 1  6 2 + 0 0 0  
1 . 1 9 6 o + n O1 
1 . 5 7 9 5  + 0 0 1  
2 . 0 6 1 2 + 0 0 1  
2 • 6 6 4 0 + 0 0 1  
3 . 4 1 5 7 + o o l  
4 . 3 5 0  6+ o 0 1
5 . 5  l 0 O + OOl 
6 . 9 4 3 6 + 0 0 1  
8 . 7 1 2 4 + o o l  
1 . 0 8 8 9 + o o 2  
1 . 3 5 6 0 + 0 0 2  
1 . 6 8 3 2 + 0 0 2  
2 . 0 8 3 2 + o o 2
2 . 5 7 1 0 + 0 0 2
3 . 1  64 9 + 0 02 
3 . 8 8 6 7 + 0 0 2
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TABLE 5 XV
M = 20  : Mode  3
0 . 0 0 0 0 + 0 0 0
2 . 0 0 0 0 - 0 0 2
4 . 0 0 0 0 -  0 0 2
6 . 0 0 0 0 -  0 0 2  
a . 0 0 0 0 - 0 0 2  
1 . 0 0 0 0 - 0 0 1  
1 . 2 0 0 0 - 0 0 1
1 . 4 0 0 0 -  001  
1 . 6 0 0 0 - 0 0 1  
1 . 8 0 0 0 - 0 0 1  
2 . 0 0 0 0 - 0 0 1  
2 . 2 0 0 0 - 0 0 1
2 . 4 0 0 0 -  00  1 
2 . 6 0 0 0 - 0 0 1  
2 . 8 0 0 0 - 0 0 1
3 . 0 0 0 0 -  001
3 . 2 0 0 0 -  0 0 1
3 . 4 0 0 0 -  0 0 1
3 . 6 0 0 0 -  0 0 1
3 . 8 0 0 0 -  001
4 . 0 0 0 0 -  0 0 1
4 . 2 0 0 0 -  0 0 1
4 . 4 0 0 0 -  0 0 1
4 . 6 0 0 0 -  001
4 . 8 0 0 0 -  0 0 1
5 . 0 0 0 0 -  00
5 . 2 0 0 0 -  0 0 1
5 . 4 0 0 0 -  001
5 . 6 0 0 0 -  001
5 . 8 0 0 0 -  001
6 . 0 0 0 0 -  001
6 . 2 0 0 0 -  0 0 1
6 . 4 0 0 0 -  001
6 . 6 0 0 0 -  001
6 . 8 0 0 0 -  0 0 1  
7 . 0 0 0 0 - 0 0 1  
7 . 2 0 0 0 - 0 0 1
7 . 4 0 0 0 -  0 0 1  
7 . 6 0 0 0 - 0 0  1 
7 . 8 0 0 0 - 0 0 1
1 . 0 0 0 0 + 0 0 0 -  
9 . 9 9 4 5 - 0 0 1 -  
9 . 9 7 6 6 - 0 0 1 -  
9 . 9 4 5 6 - 0 0 1 -  
9 . 9 0 1 7 - 0 0 1 -  
9 . 8 4 3 7 - 0 0 1 -  
9 . 7 7 0 7 - 0 0 1  
9 . 6 8 1 2 - 0 0 1  
9 . 5 7 3 6 - 0 0 1  
9 . 4 4 5 7 - 0 0 1  
9 . 2 9 5 2 - 0 0 1  
9 . 1  1 9 4 - 0 0 1  
8 . 9 1 4 8 - 0 0 l 
8 . 6 7 7 9 - 0 0 1  
8 . 4 0 4 4 - 0 0 1  
8 . 0 8 9 5 - 0 0 1  
7 . 7 2 7 6 - 0 0 1  
7 . 3 1 2 7 - 0 0 1  
6 . 8 3 7 8 - 0 0 1  
6 . 2 9 5 5 - 0 0 1  
5 . 6 7 7 2 - 0 0 1  
4 . 9 7 3 8 - 0 0 1  
4 . 1 7 5 4 - 0 0 1  
3 . 2 7 1 5 - 0 0 1  
2 . 2 5 1 0 - 0 0 1  
1 . 1 0 2 8 - 0 0 1  
- 1 . 8 2 7 7 - 0 0 2  
- 1 . 6 1 2 6 - 0 0 1  
- 3 . 1 8 8 8 - 0 0 1  
- 4 . 9 0 6 4 - 0 0 1  
- 6 . 7 4 9 8 - 0 0 1  
- 8 . 6 8 8 5 - 0 0 1  
— 1 . 0 6 7 2  + 0 0 0  
- 1 . 2 6 2 0 + 0 0 0  
- 1 . 4 4 1 6 + 0 0 0  
- 1 . 5 8 9 4 + 0 0 0  
- 1 . 6 8 2 2  + 0 0 0  
- 1 . 6 8 8 4 + 0 0 0  
- 1 . 5 6 5 2 + 0 0 0  
- 1 . 2 5 6 0  + 0 0 0
8 . 0 0 0 0 - 0 0 1 - 6 . 8 6 0 9 - 0 0 1
8 . 2 0 0 0 - 0 0 1
8 . 4 0 0 0 - 0 0 1  
8 . 6 0 0 0 - 0 0 1  
8 . 8 0 0 0 - 0 0 1  
9 . 0 0 0 0 - 0 0 1  
9 . 2 0 0 0 - 0 0 1
9 . 4 0 0 0 - 001  
9 . 6 0 0 0 - 0 0 1  
9 . 8 0 0 0 - 0 0 1  
1 . ÖQ00+000
2 . 4 1 9 9 - 0 0 1  
1 . 6 5 4 6 + 0 0 0  
3 . 7 1 4 5 + 0 0 0  
6 . 6 3 0 0 + 0 0 0  
1 . 0 6 6 7 + 0 0 1  
1 . 6 1 6 2 + 0 0 1  
2 . 3 5 4 2 + 0 0 1  
3 . 3 3 4 3 + 0 0 1  
4 . 6 2 4 1 + 0 0 1
6 . 3 0 6 8 + 0 0 1
P l ___ _
4 . 3 8 9 6 + 0 0 0
4 . 3 8 5 3 + 0 0 0  
4 . 3 7 2 3 + 0 0 0  
4 . 3 5 0 3 + 0 0 0  
4 . 3 1 8 6 + 0 0 0  
4 . 2 7 6 4 + 0 0 0  
4 . 2 2 2 5 + 0 0 0  
4 , 1 5 5 3 + 0 0 0  
4 . 0 7 3 1 + 0 0 0  
3 . 9 7 3 7 + 0 0 0  
3 . 8 5 4 4 + 0 0 0  
3 . 7 1 2 0 + 0 0 0  
3 . 5 4 3 1 + 0 0 0  
3 . 3 4 3 3 + 0 0 0  
3 . 1 0 7 7  + 0 0 0  
2 . 8 3 0 8 + 0 0 0  
2 . 5 0 6 1 + 0 0 0  
2 . 1 2 6 3  + 0 0 0  
1 , 6 8 3 3 + 0 0 0  
1 . 1 6 7 9 + 0 0 0  
5 . 7 0 1 9 - 0 0 1  
1 . 2 0 7 8 - 0 0  1 
9 . 1 6 6 1 - 0 0 1  
1 . 8 2 9 3 + 0 0 0  
2 . 8 7 1 0 + 0 0 0  
4 . 0 4 9 2 + 0 0 0  
5 . 3 6 4 9 + 0 0 0  
6 . 8 0 9 7 + 0 0 0  
8 . 3 6 2 2  + 0 0 0  
9 . 9 8 1 5 + 0 0 0  
1 . 1 5 9 9 + 0 0 1  
1 , 3 1 10 + 0 0 1 
1 . 4 3 5 6 + 0 0 1  
1 . 5 1 1 2 + 0 0 1  
1 . 5 0 6 0  + 001  
1 . 3 7 6 0  + 0 0 1  
1 . Q 6 1 6 + 0 0 1  
4 . 8 2 4 1 + 0 0 0  
- 4 . 6 8 3 7 + 0 0 0  
- 1 . 9 3 1 9 + 0 0 1  
- 4 . 0 9 3 2  + 0 0 1  
- 7 . 1 9 3 0 + 0 0 1  
- 1 . 1 5 4 3 + 0 0 2  
- 1 . 7 5 4 6 + 0 0 2  
- 2 . 5 7 1 7 + 0 0 2  
- 3 . 6 7 1 5 + 0 0 2  
- 5 . 1 3 8 0 + 0 0 2
-  7 , 0  7 7 6 + 0 0 2 
- 9 , 6 2 5 2 + 0 0 2  
- 1 . 2 9 5 4 + 0 0 3  
- 1 . 7 2 7 1 + 0 0 3
A L
3 . 0 0 0 0 + 0 0 0 -  
2 . 9 9 6 9 + 0 0 0 -  
2 . 9 3 7 8 + 0 0 0 -  
2 . 9 7 2 3  + 0 0 0 -  
2 . 9 5 0 0 + 0 0 0 -  
2 . 9 2 0 3 + 0 0 0  
2 . 8 8 2 4 + 0 0 0  
2 , 8 3 5 4 + 0 0 0  
2 . 7780  + 0 0 0  
2 . 7 0 8 6 + 0 0 0  
2 . 6 2 5 7 + 0 0 0  
• 2 , 5 2 7 0  + 0 0 0  
■ 2 . 4 1 0 2  + 0 0 0  
■ 2 . 2 7 2 4  + 0 0 0  
•2.  11 04 + 0 0 0  
■ 1 . 9 2 0 5  + 0 0 0  
■1 . 69  8 4 + 0OO 
• 1 , 4 3 9 4 + 0 0 0  
•1 . 1 3 8 1  + 0 0 0  
- 7 . 8 8 6 1 - 0 0 1  
- 3 . 8 4 4 6 - 0 0 1  
8 , 1 3 3 9 - 0 0 2  
6 . 1 6 1 6 - 0 0 1  
1 . 2 2  7 6 + 0 0 0  
1 . 9 2 3 0 + 0 0 0  
2 . 7 0 7 9 + 0 0 0  
3 . 5 8 2 9 + 0 0 0  
4 , 5 4 2 5 + 0 0 0  
5 . 5 7 2 6 + 0 0 0  
6 . 6 4 6 2 + 0 0 0  
7 . 7 1 8 0 + 0 0 0  
8 . 7 1 8 2 + 0 0 0  
9 . 5 4 2 4 + 0 0 0  
1 . 0 0 4 1  + 0 0 1
1 . 0 0 0  3 + 0 n 1 
9 . 1 3  7 o + OOO 
7 . 0 4 7 7 + 0 0 0  
3 . 2 0 2 3 + 0 0 0  
- 3 . 1 0 8 6 + 0 0 0  
- 1 . 2 8 2 1 + 0 0 1  
- 2 . 7 1 6 3 + 0 0 1  
- 4 . 7 7 3 2 + 0 0 1  
- 7 . 6 5 9 8 + 0 0 1  
- 1 . 1 6 4 3  + 0 0 2  
- 1 . 7 0 6 5 + 0 0 2  
- 2 . 4 3 6 2 + 0 0 2  
- 3 . 4 0 9 2 + 0 0 2  
- 4 . 6 9 6 2 + 0 0 2  
-  6 , 3  8 6 7 + 0 0 2  
- 8 , 5 9 5 1 + 0 0 2  
1 .  1 4 6 0  + 0 0 3
-  T 1
1 . '1 9  1 2 + Ono 
1 ,  1 9 0 1 + 0 0 0  
1 . 18 68 + 0 0 0  
1 . 1 8  1 2 + 0 0 0  
1 . 17 3 2 + 0 0 0  
1 . 16 24  + 0 e o  
1 . 1 4 8 6  + Ooq 
1 . 1 3 1  3 + 0 0 0  
l . l l o l + o n o  
1 . 0 8 4 3  + 0 0 0  
1 . 0 5 3 1 + 0 0 0  
1 , 0 1 5 7 + 0 0 0  
9 . 7 1 1 1 - 0 0 1  
9 . 1 8 0 3 - O n l  
8 , 5 5 o 6 - O n l  
7 . 8 0 5 8 - 0 M  
6 . 9 2 7 0 - 0 0 . 1  
■ 5 . 8 9 2 7 - 0 0 1  
• 4 . 6 7 8 2 - 0 n l  
■ 3 . 2 5 6 o - O n  1 
■ 1 . 5 9 4 8 - 0 0 1  
3 . 3 9 5 3 - 0 0 2  
2 . 5 8 4 7 - 0 0 1  
5 . 1 8 0 9 - 0 0 1  
8 . 1 6 9 3 - 0 0 1  
1 • 1 5 7 0  + 0 0 0  
1 . 5 3 8 4 + 0 0 0  
1 . 9 5  89 + 0 0 0  
2 . 4 1 2 0 + 0 0 0  
2 . 8 8 5 6 + 0 ^ 0  
3 . 3 5 9 8  + 0 0 0  
3 . 8 0 3 5  + 0 0 0  
4 . 1 7  q 6 + 0 o O 
4 . 3 9 4 9  + 0 0 0  
4 . 3 8 3 5 + 0 0 0  
4 . 0 0 7 9 + O o n  
3 . 0 9 3 8  + 0 0 0  
1 . 4 0 6 6 + 0 0 0  
- 1 . 3 6 6 0 + 0 0 0  
- 5 . 6 3 6 l + O o o  
- 1 . 1 9 4 3 + 0 0 1  
- 2 . 0 9 9 1  + 00 1 
3 . 3 6 9 0  + 00 1 
5 , 1 2 1 3 + 0 0 1  
- 7 . 5 o 6 6 + O o l  
- 1 . 0 7 1 7 + 0 0 2  
- 1 . 4 9 9 8 + 0 0 2  
- 2 . 0 6 5 9 + 0 0 2  
- 2 . 8 0 9 6  + 00  2 
- 3 . 7 8 1 1 + 0 0 2  
- 5 , 0 4 1 4 + 0 0 2
1 . 3 3 4 4 - 0 0 1  
3 . 9 5 2 7 - 0 0 1  
1 . 0 5 9 4 + 0 0 0  
1 . 8 7 7 3 + 0 0 0  
2 . 8 6 5 9 + 0 0 0  
4 . 0 3 6 8  + 0 0 0  
5 . 3 9 2 0 + 0 0 0  
6 . 9  1 8 2 + 0 0 0  
8 . 5 7 3 3 + 0 0 0  
1 . 0 2 7 5 + 0 0 1  
1 . 1 8 7 8 + 0 0 1  
1 . 3 1 4 1 + 0 0 1  
1 . 3 6 9 5  + 0 0 1  
1 • 2 9 7 6  + o o l  
1 . 0 1 5 4 + 0 0 1  
4 . o 3 3 8 + o o o  
- 7 . 0 9 4 5  + 0 0 0  
■ 2 . 5 6 3 3 + 0 0 1  
- 5 . 4 9 1 7  + 001  
- 9 . 9 5 5 1  + 001  
- 1 . 6 5 8 1 + 0 0 2  
- 2 , 6 2 2 5 + 0 0 2  
4 . 0 0 3 3 + 0 0 2  
- 5 . 9 5 4 6 + 0 0 2  
- 8 . 6 8 1 8 + 0 0 2  
- 1 . 2 4 5 9 + 0 0 3  
—1 . 7 6 4 3 + 0 0 3
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T A B L C b XVI
M = 20  : Mo d e  4
r  1 P 1 o 1 Ti
2
n . o o n o + o o n
2 . 0 0 0 0 - 0 0 2
4 . 0 0 0 0 -  0 0 2
6 . 0 0 0 0 -  0 0 2
8 . 0 0 0 0 - 0 0 2
1 . 0 0 0 0 - 0 0 1
1 . 2 0 0 0 - 0 0 1
1 . 4 0 0 0 -  001  
1 , 6 0 0 0 - 0 0 1
1 . 8 0 0 0 - 0 0 1
2 . 0 0 0 0 - 0 0 1
2 . 2 0 0 0 - 0 0 1
2 . 4 0 0 0 -  00  1. 
6 0 0 0 - 0 0 1
2 . 8 0 0 0 - 0 0 1
3 . 0 0 0 0 -  0 0 1
3 . 2  0 0 0 - 0 0  l
3 . 4 0 0 0 -  001
3 . 6 0 0 0 -  0 0 1
3 . 8 0 0 0 -  001
4 . 0 0 0 0 -  001
4 . 2 0 0 0 -  001
4 . 4 0 0 0 -  001
4 . 6 0 0 0 -  001
4 . 8 0 0 0 -  001
5 . 0 0 0 0 -  0 0 1
5 . 2 0 0 0 -  0 0 1
5 . 4 0 0 0 -  0 0 1
5 . 6 0 0 0 -  0 0 1
5 . 8 0 0 0 -  001  
6 . o o n o - o o 1
6 . 2 0 0 0 -  0 0 1
6 . 4 0 0 0 -  001
6 . 6 0 0 0 -  0 0 1
6 . 8 0 0 0 -  0 0 1
7 . 0 0 0 0 -  001
7 . 2 0 0 0 -  001
7 . 4 0 0 0 -  001
7 . 6 0 0 0 -  001
7 . 8 0 0 0 -  001
8 . 0 0 0 0 -  001
8 . 2 0 0 0 -  0 0 1
8 . 4 0 0 0 -  001
8 . 6 0 0 0 -  001
8 . 8 0 0 0 -  001
9 . 0 0 0 0 - 0 0 1
9 , 2 0 0 0 - 0 0 1
9 . 4 0 0 0 -  001
9 . 6 0 0 0 - 0 0 1
9 . 8 0 0 0 - 0 0 1  
1 . 0 0 0 0 + 0 0 0
1 . 0 0 0 0 + 0 0 0  
9 . 9 8 9 2 - 0 0 1  
9 . 9 5 5 7 - 0 0 1  
9 . 8 9 8 0 - 0 0 1  
9 . 8 1 6 3 - 0 0 1  
9 . 7 0 9 3 - 0 0 1  
9 . 5 7 5 4 - 0 0 1  
9 , 4 1 2 7 - 0 0 1  
9 . 2 1 8 7 - 0 0 1  
8 . 9 9 0 9 - 0 0 1  
8 . 7 2 6 0 - 0 0 1  
8 . 4 2 0 7 - 0 0 1  
8 . 0 7 1 1 - 0 0 1  
7 . 6 7 2 9 - 0 0 1  
7 . 2 2 1 6 - 0 0 1  
6 . 7 1 2 5 - 0 0 1  
6 . 1 4 0 8 - 0  01 
5 . 5  0 1 6 - n o  1 
4 . 7 9 0 0 - 0 0 1  
4 . 0 0 2 4 - 0 0 1  
3 . 1 3 3 7 - 0 0 1  
2 . 1 8 8 3 - 0 0 1  
1 . 1 6 1 0 - 0 0 1  
5 . 8 0 9 2 - 0 0 3  
- 1  . 1 1  1 9 - 0 0 1  
- 2 . 3 3 4 1 - 0 0 1  
- 3 . 5 8 4 7 - 0 0 1  
0 - 4 . 8 2 8 0 - 0 0 1  
6 . 0 1 3 7 - 0 0 1  
H 7 . 0 7 3 5 - 0 0 1
- 7 . 9 1 9 2 - 0 0 1  
- 8 . 4 3 9 6 - 0 0 1  
- 8 . 5 0 0 5 - 0 0 1  
- 7 . 9 4 6 7 - 0 0 1  
- 6 . 6 0 8 2 - 0 0 1  
- 4 . 3 1 3 8 - 0 0 1  
- 9 . 1 5 3 6 - 0 0 2  
3 . 6 7 2 6 - 0 0 1  
9 . 4 0 9 6 - 0 0 1  
1 . 6 0 3 4 + 0 0 0  
2 . 2 9 2 0 + 0 0 0  
2 . 8 8 6 8 + 0 0 0  
3 . 1 8 1 2 4 - 0 0 0  
2 . 8 3 8 7 + 0 0 0  
1 . 3 3 4 3 4 - 0 0 0  
2 . 1 2 9 0 + 0 0 0  
- 8 . 7 3 3 8 + 0 0 0  
- 2 . 0 2 0 6 + 0 0 1  
- 3 . 9 0 3 2 + 0 0 1  
- 6 . 8 7 5 8 + 0 0 1  
- 1 . 1 4 2 6 + 0 0 2
4 . 3 8 9 6 + 0 0 0  
4 . 3 8 1 4 + 0 0 0  
4 . 3 5 6 8 + 0 0 0  
, 3 1 5 3 + 0 0 0  
4 . 2 5 5 8 + 0 0 0
4 . 1 7 7 2 + 0 0 0  
4 . 0 7 7 7 + 0 0 0  
3 , 9 5 5 5 + 0 0 0  
3 . 8 0 7 9 + 0 0 0  
3 . 6 3 2 1 + 0 0 0  
3 . 4 2 4 9 + 0 0 0  
3 . 1 8 2 5 + 0 0 0  
2 . 9 0 0 9 + 0 0 0  
2 . 5 7 5 5 + 0 0 0  
2 . 2 0 1 8 + 0 0 0  
■ 1 . 7 7 5 0  + 0 0 0  
h i  . 2 9 0 3  + 0 0 0  
- 7 . 4 3 5 7 - 0 0  1 
h-1 . 3  1 3 1 - 0 0 1  
5 . 4 8 4 3 - 0 0 1  
1 . 2 9 5 4 + 0 0 0  
2 . 1 0 5 9 + 0 0 0  
2 . 9 7 1 3 + 0 0 0  
3 . 8 7 6 1 + 0 0 0  
4 . 7 9 5 2 + 0 0 0  
5 . 6 8 7 6 + 0 0 0  
6 . 4 9 2 7 + 0 0 0  
7 . 1 2 6 9 + 0 0 0  
7 . 4 7 9 5 + 0 0 0  
7 . 4 0 9 3 + 0 0 0  
6 . 7 4 2 7 + 0 0 0  
5 . 2 7 6 0 + 0 0 0  
2 . 7 8 3 0 + 0 0 0  
- 9 . 6 6 2 1 - 0 0 1  
6 . 1 7 0 7 + 0 0 0  
- 1 . 2 9 4 1 4 - 0 0  1 
- 2 . 1 2 0 3 + 0 0 1  
- 3 . 0 5 5 1 + 0 0  1 
- 4 . 0 0 2 7 + 0 0 1  
- 4 . 7 7 8 5 + 0 0  1 
- 5 . 0 6 0 9 + 0 0  1 
r 4 . 3 2 1 7 + 0 0 1  
- 1 . 7 2 6 5 + 0 0 1  
4 . 0 0 5 2 + 0 0 1  
1 . 4 7 9 6 + 0 0 2  
3 . 3 4 8 5 + 0 0 2  
6 . 4 2 0 4 + 0 0 2  
1 . 1 2  89 + 0 0  3 
1 . 8 8 0 3 + 0 0 3  
3 . 0 1 8 8 + 0 0 3  
4 . 7 0 5 1 + 0 0 3
3 . O p n p  + 0 0 0  
2 . 9 9 4 3  + 0 0 0  
2 . 9 7 7 2 + 0 0 0  
2 . 9 4 8 3 + 0 0 0  
2 . 9 o 7 o  + 00 n 
2 . 8 5 2 5 + 0 0 0  
2 . 7 8 3 6 + 0 0 0  
2 . 6 9 9 0 + 0 0 0
5 9 7 1 + 0 0 0  
2 . 4 7 5 8 + 0 0 0  
2 . 3 3 3 1 + 0 0 0  
2 . 1 6 6 5 + 0 0 0  
I . 9 7  3 3 + 0 0 0  
1 . 75 0 5 + 0 0 0  
1 . 4 9 5 2 + 0 0 0  
1 . 2 0 4 2  + 0 0 0  
8 , / 4 4 4 -  0 0 1 
5 . 0 3  3 4 - 0 0  1 
8 . 8 7 6 5 - 0 0 2  
3 . 7 0 3 4 - 0 0 1  
8 . 7 3 5 0 - 0 0 1  
1 . 4 1 7 9  + 0 0 0  
1 . 9 9 7 3 + O O Q  
2 . 6 0 1 0 + 0 0 0  
3 . 2 1  19 + 0 0 0  
3 . 8 0 3 6  + 0 0 0  
4 . 3 3 6 1 + 0 0 0  
4 . 7 5 4 1 + 0 0 0  
4 . 9 8 4 4 + 0 0 0  
4 . 9 3 3 5 + 0 0 0  
4 . 4 8 6 5 + 0 0 0  
3 , 5 n 8 5 + 0 0 0
1 . 8 4 9 8 + 0 6 6
- 6 . 4 1 9 5 - 0 0 1  
- 4 . 0 9 8 6 + 0 0 0  
- 8 . 5 9 3 1 + 0 0 0  
- 1 . 4 0 7 7 + 0 0 1  
- 2 . 0 2 8 0  +  0 0  1 
- 2 . 6 5 6 7 + 0 0 1  
- 3 . 1 7 1 3 + 0 0 1  
- 3 . 3 5 8  5 + 04i 1 
2 . 8 6 7 8 + 0 0 1  
1 . 1 4 5 6 + 0 0 1  
2 . 6 5 7 6  + 0 0 1  
9 , 8 1 8 1 + 0 0 1  
2 . 2 2 1 9 + 0 0 2  
4 . 2 6 0 1 + 0 0 ?  
7 . 4 9 0 8 + 0 0 ?  
1 . 2 4 7 6 + 0 0 3  
2 . 0 0 3  1 + 0 0 3  
3 . 1 2 2 0  + 0 0 3
1 , 1 9 1  2 + n o n  
1 . 1 8 9 0  + 0 0 0  
1 . 1 8 2  6 + Ono 
1 . 1 7 1 7  + 00  0! 
1 . 1 5 6 1 + 0 6 0  
1 . 1 3 5 4 + 0 0 0  
>—l  .  1 0 9 2  + 0 6 0  
1 . n7 6 9 + n o n  
1 . 0 3 7 8  + 0 0 0  
9 . 9 1 0 6 - 0 0 1  
9 . 3 5 7 7 - O n l  
8 . 7Q8 3 - 0 0 1 
7 . 9 5 0 0 - 0 0 1  
7 . 0 7 1 9 - 0 0  1
6 . 0 5 7 9 - 0 6 1
4 . 8 9 4 3 —061
B . 5 6 6 4 -  0 6 1 
2 , 0  6 o 5 -  0 o 1 
3 . 6 4 6 1 - 0 0 ?
1 . 5 2 9 5 - O n ]
3 . 6 2 4 4 - 0 0  1 
5 . 9 1 3 7 - 0 0 1  
8 . 3 7 7 6 - 0 0 1  
1 . 0 9 7 7 + 0 0 0  
1 . 3 6 4 4 + 0 0 0  
1 . 6 2 5 1 + 0 0 0  
1 . 8 6 1 9  + 0 0 0  
2 , 0 5 o l  + Ooo 
2 . ] .  5 7 3  + 0 0 0  
2 . 1 4 2 0 + 6 0 0  
1 , 9 5 3  l  + Ooo 
1 . 5 3 o 7  + Ooo 
8 . 0 8 4 9 - 0 n l  
- 2 . 8 0 9 5 - 0 0 1  
- 1 . 7 9 6 1  + 0 0 0  
- 3 . 7 6 9 3  + o o o  
- 6 . 1 7 9 3  + 0 0 0  
- 8 . 9 0 7 7 + 0 0 0
- 1 . 1 6 7 4 + 0 6 ]  
- 1 . 3 9 4 1 + 0 6 1  
- 1  , 4 7 6 7  + On l
1 . 1 7 3 7 + 0 0 0  
1 • 9 8 3 9 + n n o  
2 • 8 9 6 9 + 0 0 0  
3 • 8 9 0 0 + 6 0 0  
4 . 9 2 0 7 + 6 0 6  
5 , 9  1 8 0 + 0 0 6  
6 , 7 7 4 6 + 0 0 6  
7 , 3 3 5 1 + o o n  
7 , 3 8 7 2 + 0 6 6
6 , 6 5 3 6 + 0 0 0  
4 , 7 9 2 9 + 0 0 6  
1 , 4 1 8 1 + 0 0 0  
- 3 , 8 6 3 1  + 0 0 0  
- 1 ,  1 3 5 6 + o n l  
- 2 • 1 1 0 1  + 0 01 
- 3 . 2 5 7 7 + 0 0 1  
- 4 . 4 2 1 1 + 0 0 1
- 1 . 2 6  12 + Qo 1U 5 . 2 5 6 6  + 0 Ql
- 5 . 0 3 8 9 + 0 0 0  
1 .  1 6 9 0  + 06 1 
4 , 3 1 8 9 + Q n l  
9 . 7 7 4 1 + 0 0 1  
1 , 8 7 4 1 + 0 0 2  
3 . 2 9 5 3 + 0 6 2  
5 . 4 8 8 5 + 0 0 2  
8 . 8 1  2 0 + 0 6 2  
1 . 3 7 3 4 + 0 0 3
- 5 ,  1 0 9 9  + 001  
- 2 . 8 2 3 2 + 0 0 1  
3 , 5 5 6 5 + 0 0 1  
1 . 7 2 1 4 + 0 0 ?  
4 . 3 2 0 6 + 0 0 ?  
8 . 9 4 q 2 + o o 2
1 . 6 7 8 6  + 0 0 3  
2 , 9 7 0 8  + 0 0 3  
5 . 0 3 6 6 + 0 0 3
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TABL E  5 XV 1 T
2 0 : M o d e  S3
Z x
O . n o o o + o n n
2 . 0 0 0 0 - 0 0 2  
A s 0 0 0 0 - 0 0 2  
6 . n o o n - n o 2  
8 . 0 0 0 0 - 0 0 2
1 . 0 0 0 0 -  o o l  
1 . 2  0 0  0 - 0  01
1 . 4 0 0 0 -  0 0 1
1 . 6 0 0 0 -  0 0 l 
1 . 8 0 0 0 - 0 0 1
2 . 0 0 0 0 -  0 0 1
2 . 2 0 0 0 - 0 0 1
2 . 4 0 0 0 -  0 0 1
2 . 6 0 0 0 -  0 0  1 
2 . 8 0 0 0 - 0 0 1
3 . 0 0 0 0 -  0 0 1
3 . 2 0 0 0 -  0 0  1
3 . 4 0 0 0 -  0 0 1
3 . 6 0 0 0 -  0 0 1
3 . 8 0 0 0 -  0 0 1
4 . 0 0 0 0 -  0 0  I
4 . 2 0 0 0 -  0 0 1
4 . 4 0 0 0 -  0 0 1
4 . 6 0 0 0 -  0 0 1
4 . 8 0 0 0 -  0 0 1
5 . 0 0 0 0 -  0 0 1
3 . 2 0 0 0 -  0 0  1
3 . 4 0 0 0 -  0 0 1
3 . 6 0 0 0 -  0 0 1
3 . 8000-  n o  1
6 . 0 0 0 0 -  0 0 1
6 . 2 0 0 0 -  0 0 1
6 . 4 0 0 0 -  0 0 1
6 . 6 0 0 0 -  0 0  1
6 . 8 0 0 0 -  0 0 1
7 . 0 0 0 0 -  O 0 1
7 . 2 0 0 0 -  0 0 1
7 . 4 0 0 0 -  0 o 1
7 . 6 0 0 0 -  0 0 1
7 . 8 0 0 0 -  0 0 1
8 . 0 0 0 0 -  0 0 1
8 . 2 0 0 0 -  0 0 1
8 . 4 0 0 0 -  0 0 1
8 . 6 0 0 0 -  0 0 1
8 . 8 0 0 0 -  0 0 1  
9 , 0 0 0 0 - 0 0  1 
6 . 7 0 0 0 - 0 0 1
9 . 4 0 0 0 -  0 0 1  
9 , 6 0 0 0 - 0 0 1  
9 . 8 0 0 0 - 0 0 1  
1 , n o o o + n o o
n o o o - f  n o o | - 4 ~ . l  8T6  + o 0 0 
9 . 9 8 2  9 - 0 0  l h  4 . 3 7 6 8  + 0 0 0  
9 . 9 3 0 7 - 0 0 l L 4 , 3 3 8 2 + 0 0 0  
9 . 8 4 0 9 - 0 0 1 - 4 . 2 7 3 3 + 0 0 0  
9 . 7 1 4 3 - 0 0 1 - 4 . 1 8 0 8 + 0 0 0  
9 . 5 4 9 3 - 0 0 1 - 4 . 0 5 9 5 + 0 0 0  
9 . 3 4 3 9 - 0 0 1 - 3 , 9 0 7 8 + 0 0 0  
9 . 0 9 6 2 - 0 0 1 - 3 . 7 2 2 1 + 0 0 0  
8 . 8 0 3  5 - 0 0 l h 3 . 5 0 1 4  + 0 0 0  
8 . 4 6 3 2 - 0 0 l h 3 . 2 4 2 3 + 0 0 0  
, 0 7 2 2 - 0 0  I p 2 . 9 4 1 9  + 0 0 0  
7 . 6 2 7 4 - 0 0 I p 2 , 5 9 7 2 + 0 0 0  
7 . 12 3 8 - 0 0 l p 2 . 2  0 54 + 0 0 0  
6 . 5 6 4 3 - 0 0 l h 1 . 7 6 4 p + 0 0 0  
5 . 9 4 0 2 - 0 0 l h l . 2 7 1 6 + 0 0 0  
6 . 2 5 1 8 - 0 0 1 H 7 . 2 7 6 1 - 0 0 1  
4 . 4 9 7 8 - 0 0 1 - 1 . 3 3 6 4 - 0 0 1  
3 . 6 7 9 0 - 0 0 1  5 . 0 6 2 4 - 0 0 1
P 1
2 . 7 9 7 7 - 0 0 1  1 . 1 8 4 3 + 0 0 0  
1 . 8 5 9 2 - 0 0 1  1 . 8 8 8 0 + 0 0 0  
8 . 7 2 4 2 - 0 0 2  2 . 3 9 8 6 + 0 0 0
1 . 4 9 1 8 - 0 0 2  3 . 2 8 9 1 + 0 0 0  
1 . 1 8 6 3 - 0 0 1  3 . 9 2 2 8 + 0 0 0  
2 . 2 1 2 3 - 0 0 1  4 . 4 5 0 5 + 0 0 0  
3 . 1 9 2 5 - 0 0 1  4 . 8 0 8 4 + 0 0 0  
4 . 0 8 1 2 - 0 0 1  4 . 9 1 3 5 + 0 0 0  
- 4 . 8 2 1 7 - 0 0 1  4 . 6 7 5 5 + 0 0 0  
- 5 . 3 4 5 3 - 0 0 1  3 . 9 8 0 9  + 0 0 0  
- 5 . 5 7 2 6 - 0 0 1  2 . 7 2 2 0 + 0 0 0  
- 5 . 4 1 7 0 - 0 0 1  8 . O 1 3 1 - 0 0 1  
- 4 . 7 9 1 2 - 0 0 l h l . 8 4 3 0 + 0 0 0  
- 3 . 6 1 8 3 - 0 0  lU 5 . 2 0  2.7 + 0 0 0  
- 1 , 8 4 8 1  —QO I p 9 . 1 3 2  3 + 0 0 0  
5 . 1 9 7 8 - 0 0 2 - 1 . 3 3 8 9 + 0 0 1  
3 . 4 0 5 6 - 0 0 l h l . 7 3 5 9 + 0 0 1  
6 . 6 1 2 1 - 0 0 l h 2 . 0 1 8 8 + 0 0 1
9 . 7 8 3 3 - 0 0 l h 2 . 0 6 1 9  + 00 L 
1 . 2 3 6 5 + O O O h 1 . 7 0 0 7 + 0 0 1  
1 , 3 5 8  4+ 0 0  Op 7 . 4 3 4 4 + 0 0 0  
1 . 2 4 6 1 + 0 0 0  9 . 9 4 3 3 + 0 0 0  
7 , 9 1 8 5 - 0 0 1  3 . 6 1 4 7 + 0 0 1  
- 9 . 7 1 6 0 —0 0 2  6 . 9 8 7 1 + 0 0 1  
- 1 . 4 4 6 3 + 0 0 0  1 . 0 4 8 3 + 0 0 2  
- 3 .  1 1 73 + 0 0 0  1 , 2  5 J 5 + 0 0 2  
- 4 , 6 3 9 A+ 0 0 0  9 . 7 6 3 9 + 0 0 1  
- 4 . 9 2 7 0  + 0 0 0 p 4 . 0 5 3 8 + 0 0 1  
h i  , 8 2 0 2  + 0 0 0 h 4 . n l 9 3 f 0 0  2 
8 . 6 4 9 2  + 0 0 Oh 1 . 1 7 9 8  + 0 0 3  
3 . 3 4 1 0  + 0 0 1 p 2 , 6 9  l I + 0 0 3  
8 . 4 2 0 6  + 0 0 I p 3 . 4 9  / 9  + Qn3 
1 . 7 9 6 5  + Q 0 2 h l . n 3 8 2  + on4l
P i T i
3 • n 0 0 0 + 0 n nj- ] . 19 12 + o n n 
2 . 9 9 1 1 + 0 0  ol— 1 . 1 8 7 8  + n n o  
2 , 9 6  4 5 + 0 0  Op 1 . 1 7 7 5  + OnO 
2 . 9 1 9 6 + 0 O O h l , 1 6 0 3 + 0 0 0  
2 , 8 5 5 8  + 0 0 Op 1 . 1 3 5 7  + 0 0 0  
2 . 7 7  2 l + OOOh1 . 1 0 3 4  + 00 0 
2 . 6 6 7  3 + 0 0 n U 1 , 0 6 2 9  + 0 0 0  
2 . 5 3 9 8  + 0 0 Op 1 , 0 1 3 4  + 0 0 0  
2 , 3 8 8 o + 0 0 0 p 9 , 5 4 2 7 - 0 o l  
2 . 2 l 0 l + 0 0 o h 8 , 8 4 7 o - 0 o l
2 . 0 0 4 1  + 00  Op 8 . 0 3 8 0 - 0 o l  
1 . 7  6 8 1 + 0 0 oh  7 , 1 0  6 7 -  0 o 1 
1 . 5 0  0 2 + 0 0 0 h 6 , 0 4 4  5 - 0 0 1  
1 , 199  0 + 0 0 Op 4 . 8 4 3 7 - 0 0 1  
8 . 6 3 4 9 - O O l h 3 . 4 9 8 4 - 0 0 1  
4 . 9 3 6 1 - 0 0 l h ? . 0 0 6 1 - 0 0 1  
9 , 0 5 5 2 - 0 0 2 p 3 . 6 9 o 5 - 0 o 2
3 . 4 2  7 1 - 0 0 1  1 . 4 0 3 4 - O n l
8 . 0 0 7 5 - 0 0 1  3 , 2 9 2 1 - 0 ^
1 . 2 7 4 9 + 0 0 0  5 . 2 6 4 4 - 0 n l  
1 . 7 5 2 2  + 0 0 0  7 , 2 7 o 3 - 0 o 1 
2 . 2  1 4 5 + 0 0 0  9 . 2 3 6 4 - O n 1 
2 . 6 3 6 9 + 0 0 0  1 . 1 0 6 1 + 0 0 0  
2 . 9 8 6 4 + 0 0 0  1 . 2 6 0 4 + 0 0 0  
3 . 2 2 0 7 + 0 0 0  1 . 3 6 8 2 + 0 0 0  
3 . 2 8 7 3  + 0OO 1 . 4 0 4 3  + 0 0 0  
3 . 1 2 2 5  + 0 0 0  1 , 3 4 0 8  + 0 °  0 
2 , 6 5 5 5 + 0 0 0  1 . 1 4 5 2 + 0 0 0
1 . 8 1 4 0 + 0 0 0  7 . 8 5 1 4 - n o l  
5 . 3 3 5 7 - 0 0 1  2 . 3 1 6 9 - 0 0 1
- 1 . 2 2 6 3 + 0 0 o h 5 . 3 3 7 8 - 0 0 1  
- 3 . 4 5 9 7  + 00Opl  , 5 o 9 3  + 0 o o  
- 6 , 0 8  33 + 00  Op 2 , 6 5 8 7  + 0 0 0  
- 8 . 8 9 5 6 + 0 0 Oh3 , 8 9 3 6 + 0 0 0  
1 , 1 5 3 0  + 0 0 l h 5 , 0 5 2 8  + 0 0 0  
- 1 . 3 4 o 6 + 0 0 l p 5 , 8 8 o 4 + o o 0  
- 1  . 3 6 8 9 + Q 0 I p  6 , 0  0 9 1 + 0 0 0 
- 1  . 1 2 8 9  + 0 0 l h 4 , 9 3 8 6  + 0 0 0  
- 4 , 9 3 4 4 + 0 0 o h ? .  1 6 8 3 + o o n  
6 , 6 0 0 4 + 0 0 0  2 . 9 0 1 5 + 0 0 0  
2 . 3 9 8 8 + 0 0 1  1 . 0 5 4 7 + 0 0 1  
4 . 6 3 6 6  + 001  2 . 0  3 9 0 + 0 o 1 
6 . 9 5 6 4 + 0 0 1  3 . 0 5 9 6 + 0 0 1
8 . 3  0 4  3 + 0 0  1 3 . 6 5 2 8  + 0O1
6 . 4  8 0 1 + 0 0 1 2 , 8  5 o 5 + 0 o 1 
- 2 . 6 8  9 8 + o n l h 1 . 1H 3 3 + 00 J
2 , 6 6  7 1 + 0 0 2 p 1 . 1 / 3 3 + 0 o ?  
( . 8 2 8 4 + 0 0 2h  3 . A A 3 8 + 0 0 2 
I . / 8 9 6 + 0 0 3 p 7 , 8  / 2 8  + 002  
3 • 6 4 8 1 + 0 0 3p 1 , 6  0 4 8 + 0 o 3 
-  6 , 8  8 9 1 + 0 0 3h 3 . 0  3 0 6 + 0 o 3
2 • 6 4 3 8 + 0 0 0  
3 . 4 8 6 l + o o o  
4 . 2 7 2 8 + n o n  
4 . 9  137  + O0O 
5 . 2 8 6 8  + 0 0 0  
5 . 2 3 6 3 + 0 0 0  
4 . 5 7 9  3 + o n o  
3 . 1  1 2 9 + 0 0 0  
6 . 4 7 7 9 - 0 0 1  
• 2 . 9 4 7 4 + 0 0 0  
• 7 . 6 6 3 3  + 0 0 0  
■ 1 . 3 2 3 5  + 0 0 1  
■ 1 . 8 9 9 0 + 0 0 1  
- 2 . 3 6 7 o+OO 1 
- 2 . 5 2 5 9 + 0 0 1  
- 2 . 0 9 3  1 + 001  
- 7 . 2 8 2 8  + 0 0 0  
1 . 8 7  66 + 001  
5 . 7 7 5 0 + 0 0 1  
1 . o3o3+oo2 
1 . 3 1 7 6  + 0 0 2  
8 , 8 4 6 9 + 0 0 1  
- 1 , 4 4 0 6 + 0 0 2  
- 7 . 9 4 5 2 + 0 0 2  
- 2 . 2 8 7 2 + 0 0 3  
-_5_. 3 9 6  3 + 0 0  3 
- 1 . 1 4 0 4 + 0 0 4
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TABLE 5 X V  I I I
M = 2 0 : M ode 6
Z x I r  i
o . 0  0 0  0 + n 0 0  1 . 0  0 0  0 + 0 0 0
2 . 0 0 0 0 -  002  9 . 9 7 5 3 - 0 0 1
4 . 0 0 0 0 -  002  9 . 9 0 1 4 - 0 0 1
6 . 0 0 0 0 -  002  9 . 7 7 4 4 - 0 0 1  
8 . 0 0 ^ 0 - 0 0 2  9 . 5 9 5 9 - 0 0 1
1 . 0 0 0 0 -  001  9 . 3 6 4 3 - n o l
1 . 2 0 0 0 -  001  9 . 0 7 8 1 - 0 0 1
1 . 4 0 0 0 -  001  8 . 7 3 5 4 - n o l
1 . 6 0 0 0 -  001  8 . 3 3 4 2 - 0 0 1
1 . 8 0 0 0 -  001  7 . 8 7 2 8 - 0 0 1
2 . 0 0 0 0 -  001  7 , 3  4 9 4 - 0 0 1
2 . 2 0 0 0 -  001 6 . 7 6 2 8 - 0 0 1
2 . 4 0 0 0 -  001 6 . 1 1 2 4 - 0 0 1
2 . 6 0 0 0 -  001 5 . 3 9 8 5 - 0 0 1
2 . 8 0 0 0 -  001  4 . 6 2 3 1 - 0 0 1
3 . 0 0 0 0 -  001 3 . 7 8 9 8 - 0 0 1
3 . 2 0 0 0 -  001  2 . 9 0 5 2 - 0 0 1
3 . 4 0 0 0 -  0 0 ]  1 . 9 7 8 7 - 0 0 1
3 . 6 0 0 0 -  001  1 . 0 2 3 8 - 0 0 1
3 . 8 0 0 0 -  001  5 . 8 9 8 3 - 0 0 3
4 . 0  00 0 - 0  0 l l - 8 . 9  17 7 - 0 0 2  
4 . 200  0 - 0 0  l l— 1 . 7 9 7 9 - 0 0 1
4 . 4 0 0 0 -  0 0 l p 2 * 6 2 1 6 - 0 0  1
4 . 6 0 0 0 -  0 0 l h 3 . 3 1 7 8 - 0 0 1
4 . 8 0 0 0 -  0 0 l p 3 . 8 3 3 9 - 0 0 1
5 . 0 0 0  0 - 0  0 l [ “ 4 . 1 1 1 9 - 0 0 1
5 . 2  0 0 0 - 0  0 1 f - 4 . 0 9 1 1 - 0  01
5 . 4 0 0 0 -  Q 0 l p 3 • 7 1 4 5 - 0 0 1
5 . 6 0 0 0 -  0 0 l p 2 . 9 3 7 7 - 0 0 1
5 . 8 0 0 0 -  00 l | - 1 . 7 4 1 3 - 0 0 1
6 . 0 0 0 0 -  0 0 l p 1 . 4 7 5 2 - 0 0 2
6 . 2 0 0 0 -  001  1 . 7 6 1 4 - 0 0 1
6 . 4 0 0 0 -  001  3 . 8 2 3 0 - 0 0 1
6 . 6 0 0 0 -  001 5 . 7 7 8 7 - 0 0 1
6 . 8 0 0 0 -  001  7 . 2 6 7 4 - 0 0 1
7 . 0 0 0 0 -  001  7 . 8 3 9 9 - 0 0 1
7 . 2 0 0 0 -  001 7 . 0 0 8 9 - 0 0 1
7 . 4 0 0 0 -  001  4 . 3 5 1 0 - 0 0 1
7 . 6 0 0 0 -  0 O l f - 3 . 1 9 9 9 - 0 0 2
7 . 8 0 0 0 -  0 0 l p 6 . 6 9 7 5 - 0 0 1  
8 . n o o n - o o l p l . 3 6 5 9 + n n c
8 . 2  0 0 0 - 0 0  l p i  . 89 3 94 - 0 0 0
8 . 4 0 0 0 -  0 0 l U l . 8 9 9 2 + 0 0 0
8 . 6 0 0 0 -  0 0 l p 9 , 4 2 2 6 - 0 0 1
8 . 8 0 0 0 -  001 1 . 3 1 9 1  + 000
9 . 0 0 0 0 -  001 4 . 6 6 1 3 + 0 0 0
9 . 2 0 0 0 -  001 7 . 2 7 0 1 + 0 0 0
9 . 4 0 0 0 -  001  3 . 6 8 4 6 + 0 0 0  
9 . 6  0 0 0 - 0  0 l p 1 . 9 1 2  3 + 001 
9 . 8  0 0 0 - 0 0  l l —8 . 9 1 8  1 + 0 01 
1 . 0  000  + 0 OOP2 . 6 0 1 8  + 002
PI P 1
4 . 3 8 9 6 + 0 0 0  
4 . 3 7 1 4 + 0 0 0  
4 . 3 1 6 5 + 0 0 0  
4 . 2 2 4 5 + 0 0 0  
4 . 0 9 4 1 + 0 0 0 -  
3 . 9 2 4 2 + 0 0 0  
3 . 7 1 3 1 + 0 0 0  
3 . 4 5 9 0 + 0 0 0  
3 . 1 6 0 1 + 0 0 0  
2 . 8 1 4 8 + 0 0 0  
2 . 4 2 1 8 + 0 0 0  
1 . 9 8 0 6 + 0 0 0  
1 . 4 9 1 7  + 000 
9 . 5  7 3 9 - 0 0  1 
3 . 8 2 1 9 - 0 0 1  
2 . 2 6 3 4 - 0 0 1  
8 . 5 6 6 8 —001 
1 . 4 9 2 3 + 0 0 0  
2 . 1 1 0 7 + 0 0 0  
2 . 6 8 1 9 + 0 0 0  
3 . 1 6 7 7 + 0 0 0  
3 . 5 2 0 7 + 0 0 0  
3 . 6 8 4 3 + 0 0 0  
3 . 5 9 3 3 + 0 0 0  
3 . 1  76^3 + 000  
2 . 3 6 3 5 + 0 0 0  
1 . 0 9 9 3 + 0 0 0  
- 6 . 3 9 5 2 - 0 0 1  
r 2 . 8 2 0 6 + 0 0 0  
\-b  . 3 2  58 + 000  
p 7 . 9 18 2  + 000  
-  1 . 0 2  l o  + OO1 
1 . 1 6 4 5 + 0 0 1  
1 . 1 5 0 4 + 0 0 1  
+ 8 . 9 7 3 0 + 0 0 0  
r 3 . 2 9 0 1 + 0 0 0  
5 . 9 7 0 4 + 0 0 0  
1 . 8 4 5 0 + 0 0 1  
3 . 2 3 7 8 + 0 0 1  
4 . 3 8 1 7 + 0 0 1  
4 . 6 0 0 6 + 0 0 1  
2 . 9 3 6 1 + 0 0 1  
h i  . 6 6 9 1 + 0 0 1  
- 9 . 7 6 8 9  + 00 1 
- 1 . 9 9 5 3 + 0 0 2  
- 2 . 5 7 3 6 + 0 0 2  
r - 9 . 4 09 0  + 001 
6 . 9 5 7 1 + 0 0 2  
2 . 9 5 9 8 + 0 0 3  
8 . 4 3 2 3 + 0 0 3
- 3 . 0 0 0 0 + 0 0 0  
- 2 . 9 8 7 4 + 0 0 0  
2 . 9 4 9 7 + 0 0 0  
2 . 8 8 6 3 + 0 0 0  
2 . 7 9 6 6 + 0 0 0  
2 . 6 7 9 8 + 0 0 0  
2 . 5 3 4 7  + 000 
2 . 3 6 0 3  + 000  
2 , 1 5 5 3 + 0 9 0  
1 . 9 1 8 7 + 0 9 0  
1 . 6 4  9 8 + 009  
1 . 3 4 8 3  + 009  
1 . 0 1 4 7 + 0 0 0  
6 , 5p7 l - O O l  
2 . 5 9 6 2 - 0 0 1  
1 . 5 3 5 7 - 0 0 1  
5 . 8 0 6 0 - 0 0 1  
1 . 0 1 9 2 + 0 0 9  
1 . 4 2 7  1+009  
1 . 8  199 + 000  
2 . 1369 + 000  
2 , 3 7 9 5 + 0 0 0  
2 , 4 7 6 6 + 0 0 0  
2 . 4 1 1 2 + 0 0 0  
2 . 1 2 7 5 + 0 0 0  
1 . 58O6+0O0 
7 . 3 4 1 8 - 0 0 1  
- 4 . 2 6 5 8 - 0 0 1  
- 1 . 8 7 9 6 + 0 0 0  
- 3 . 5 4 6 1 + 0 0 0  
- 5 . 2 6 8 6 + 0 0 9  
- 6 . 7 8 9 9 + 0 9 0  
- 7 . 7  4n3  + 000  
- 7 . 6 4 3 7 + 0 0 0
- 5 . 9 5 9 9 + 0 0 0  
2 . 1 8 4 7 + 0 0 0  
3 . 9 6 3 8 + 0 0 0  
1 . 2 2 4 7 + 0 0 1  
2 . 1 4 9 0 + 0 0 1  
2 . 9 0 8 0 + 0 0 1  
3 . 0 5 3 1 + 0 9 1  
1 . 9 4 8 4 + 0 0 1  
- 1 . 1 0 7 6 + 0 0 1  
- 6 . 4 8 2 2 + 0 0 1  
- 1 , 3 2 4 0  + 002 
- 1 . 7 0 7 7 + 0 0 2  
- 6 . 2 4 3 2 + 0 0 1  
4 . 6 1 6 3 + 0 0 2  
1 . 9 6  3 9 + 00 3 
5 . 5 9 5 1 + 0 0 3
T l
1 . T9 1 2 + o o n 
1 . 1 8  6 3 + 09 0 
1 . 1 7  17 + 090  
1 . 1470  + 090  
1 . 1 1 2 2  + 0 0 0  
1 . 0 6 6 7  + 000  
1 . 0 1 0 0  + 0 0 0 
9 , 4 1 7 4 - 0 0 1  
8 . 6 1 2  6 — 0 n 1 
7 , 68o 5 - 0 0  1 
6 , 6 1 6 9 —001 
5 . 4 1 9 3 - 0 0 1  
4 , 0 8 0  3- O o l  
2 . 6 2 8 6 - 0 0  1 
1 . 0 5 1 2 - 0 0 1  
6 . 2 4 5 1 - 0 0 2  
2 . 3 6 8 4 - 0 0 1  
4 . 1 3 6 4 - 0 0 1  
6 , 8 6  7 0 - 0 0  1 
7 . 4 7 7 8 - 0 0 1  
8 . 8 6 2 4 - 0 0 1  
9 . 8 8 6 7 - 0 0 1  
1 . 0 3 8 8 + 0 0 0  
1 . 0 1 7 6 + 0 0 0  
9 . 0 3 8 0 - 0 0 1  
6 . 7 5 3 2 - 0 0 1  
3 . 1 5 2 7 - 0 0 1  
h i . 8 3 9 3 - 0 0 1  
r - 8 . 1 3 5 1 - 0 0 1  
1 , 5  396 + 000  
- 2 , 2 9 3 4 + 0 0 0  
- 2 . 9 6 2 2 + 0 0 0  
- 3 , 3 8 2 9 + 0 0 0  
- 3 . 3 4 5 6 + 0 0 0 -  
- 2 . 6 1 1 8 + 0 0 0  
- 9 . 5 8 2 8 - 0 0 1  
1 , 7 4 0 1 + 0 0 0  
5 . 3 7 9 4 + 0 0 0  
9 . 4 4 3 5  + 000  
1 . 2 7 8 3 + 0 0 1  
1 . 3  424  + 001 
8 . 5 6 8 6 + 0 0 0  
- 4 . 8 7 1 4 + O O 0  
2 . 8 5 1 3 + 0 0 1  
- 5 . 8 2 4 0 + 0 0 1
- 7 . 5 1 2 2 + 0 0 1  
- 2 , 7 4 6 4 + O o l  
2 . 03o8  + on2 
8 . 6 3 9 6 + 0 0 ?  
2 . 4 6 1 4 + 0 0 3
L i
2 . 0 0 9 3  + 004  T . 3 3 3 2  + 004|  5 . 8 6 5 1  + Oo3 2 . 2 4 2 o + o o 4
3 . 7  1 9 6  + 0 0 0  
4 . 1 9 6 3  + 0 0 0  
4 . 3 6 3 2 + 0 0 0  
4 . 0 8 6 0 + 0 0 0  
3 • 2 2 2 0 + 0 0 0  
1 . 6 4 1 7 + O 0 0  
7 . 3 2 8 2 - 0 0 1  
•3 • 8 7 9 9 + 0 0 0  
• 7 . 6 o  1 8 + o 0 0  
1 .  1 4 4 6  + 0 0 1  
1 . 4 6 2 2 + 0 0 1  
1 • 5 9 6 6  + 0 0  1 
1 • 3 9 9 6  + 0 0 1  
7 . 1 6 2 8 + 0 0 0  
5 . 5 7 4 4 + 0 0 0  
2 . 3 7 3 7 + 0 0 1  
4 . 3 8 1 9 + o o X  
5 . 7 4 8 4 + 0 0 1  
5 . 0 4  1 6 + 0 0 1  
4 . 2  o 4 8  + o 00 
• 9 . 3 1 7 3 + 0 0 1  
• 2 . 1676  + o o 2 
■ 2 . 3  l  00  + 0 0 2  
2 . 7 o 2 l  + o o 2  
2 . 2 9 2 6 + 0 0 3  
8 . 1 4 8 0 + 0 0 3
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2 . 0 0 0 0 - 0 0 2
4 .  0 0 0 0 - 0 0 2
6 . 0 0 0 0 - 0 0 2
8 . 0 0 0 0 - 0 0 2  
1. , 0 0 0 0 - 0 0  1
1 . 2 0 0 0 - 0 0 1
1 . 4 0 0 0 -  0 0 1
1 . 6 0 0 0 - 0 0  1
1 . 8 0 0 0 - 0 0 1
2 . 0 0 0 0 - 0 0 1
2 . 2 0 0 0 - 0 0 1
2 . 4 0 0 0 -  0 0 1
2 . 6 0 0 0 - 0 0 1
2 . 8 0 0 0 - 0 0 1
3.0000- OOl
3 . 2 0 0 0 -  0 0 1
3 . 4 0 0 0 -  001
3 . 6 0 0 0 -  0 01
3 . 8 0 0 0 -  0 0 1
4 . 0 0 0 0 -  0 01
4 . 2 0 0 0 -  0 0 1
4 . 4 0 0 0 -  0 01
4 . 6 0 0 0 -  0 0 1
4 . 8 0 0 0 -  0 01
5 . 0 0 0 0 -  0 0 1
5 . 2 0 0 0 -  0 01
5 . 4 0 0 0 -  0 0 1
5 . 6 0 0 0 -  0 0 1
5 . 8 0 0 0 -  001
6 . 0 0 0 0 -  0 0 1
6 . 2 0 0 0 -  0 0 1
6 . 4 0 0 0 -  001
6 . 6 0 0 0 -  0 01
6 . 8 0 0 0 -  0 0 1
7 .0000- OOl
7 . 2 0 0 0 -  0 0 1
7 . 4 0 0 0 -  0 0 1
7 . 6 0 0 0 -  0 0 1
7 . 8 0 0 0 -  0 0 1
8 . 0 0 0 0 -  0 0 1
8 . 2 0 0 0 -  0 0 1
8 . 4 0 0 0 -  0 0 1
8 . 6 0 0 0 -  0 0 1
8 . 8 0 0 0 -  0 0 1
9 . 0 0 0 0 - 0 0 1
9 . 2 0 0 0 - 0 0 1
9 . 4 0 0 0 -  0 0 1
9 , 6 0 0 0 - 0 0 1
9 . 8 0 0 0 - 0 0 1
1 .0 0 0 0 + 0 0 0
____2 L L _____
I  . 0 0 0 0  + 0 0 0
1 . 0 0 0 2 + 0 0 0  
1 • 0 0 0 7 + 0 0 0  
1 . 0 0 1 5 + 0 0 0  
1 . 0 0 2 6 + 0 0 0  
1 . 0 0 4 1 + 0 0 0  
1 . 0 0 5 9 + 0 0 0  
1 . 0 0 8 1  + 0 0 0  
1 . 0 1 0 6  + 0 0 0  
1 . 0 1 3 4 + 0 0 0  
1 . 0 1 6 7 + 0 0 0  
1 . 0 2 0 3 + 0 0 0  
1 . 0 2 4 3 + 0 0 0  
1 . 0 2 8 7  + 0 0 0  
1 . 0 3 3 6 + 0 0 0  
1 . 0 3 8 9 + 0 0 0  
1 . 0 4 4 6 + 0 0 0  
1 . 0 5 0 8 + 0 0 0  
1 . 0 5 7 5  + 0 0 0  
1 . 0 6 4 7  + 0 0 0  
1 . 0 7 2 5  + 0 0 0  
1 . 0 8 0 8 + 0 0 0  
1 . 0 8 9 8  + 0 0 0  
1 . 0 9 9 3  + 0 0 0  
1 .  1 0 9 5  + 0 0 0  
1 . 1 2 0 4 + 0 0 0  
1 . 1 3 2 1  + 0 0 0  
1 .  1 4 4 6  + 0 0 0  
1 • 1 5 8 0  + 0 0 0  
1 . 1 7 2 4  + 0 0 0  
1 . 1 8 7 9 + 0 0 0  
1 . 2 0 4 6 + 0 0 0  
1 . 2 2 2 4 + 0 0 0  
1 . 2 4 1 6 + 0 0 0  
1 . 2 6 2 1 + 0 0 0  
1 . 2 8 4 1 + 0 0 0  
1 . 3 0 7 5 + 0 0 0  
1 . 3 3 2 5 + 0 0 0  
1 . 3 5 9 1 + 0 0 0  
1 . 3 8 7 4 + 0 0 0  
1 . 4 1 7 4 + 0 0 0  
1 . 4 4 9 2 + 0 0 0  
1 . 4 8 2 9 + 0 0 0  
1 . 5 1 8 5 + 0 0 0  
1 . 5 5 6 0 + 0 0 0  
1 . 5 9 5 6 + 0 0 0  
1 . 6 3 7 4 + 0 0 0  
1 . 6 8 1 4 + 0 0 0  
1 . 7 2 7 6 + 0 0 0  
1 . 7 7 6 4 + 0 0 0  
I 1 . 8 3 6 3  + 0 0 0
Pi
-4 . 3 2 6 3 + 0 0 0  
4 . 3 2 7  6 + 0 0 0  
4 . 3 3 1 3 + 0 0 0  
4 . 3  3 7 7 + 0 0 0  
4 , 3 4 6 7 + 0 0 0  
4 . 3 5 8 3 + 0 0 0  
4 . 3 7 2 6 + 0 0 0  
4 . 3 8 9 7 + 0 0 0  
4 . 4 0 9 7 + 0 0 0  
4 . 4 3 2 5 + 0 0 0  
4 , 4 5 8 5 + 0 0 0  
4 . 4 8 7 6 + 0 0 0  
4 . 5 2 0 0 + 0 0 0  
4 . 5 5 5 9 + 0 0 0  
4 . 5 9 5 4 + 0 0 0  
4 . 6 3 8 7 + 0 0 0  
4 . 6 8 6 0 + 0 0 0  
4 . 7 3 7 5 + 0 0 0  
4 . 7 9 3 5 + 0 0 0  
- 4 . 8 5 4 2 + 0 0 0  
- 4 . 9 2 0 0 + 0 0 0  
- 4 . 9 9 1 1 + 0 0 0  
5 . 0 6 8 1 + 0 0 0  
- 5 . 1 5 1 2 + 0 0 0  
- 5 . 2 4 1 0 + 0 0 0  
- 5 . 3 3 8 2 + 0 0 0  
5 . 4 4 3 6 + 0 0 0  
- 5 . 5 5 7 9 + 0 0 0  
- 5 . 6 8 1 7 + 0 0 0  
- 5 . 8 1 5 7 + 0 0 0  
- 5 . 9 6 0 3 + 0 0 0  
- 6 . 1 1 6 0 + 0 0 0  
- 6 . 2 8 3 6 + 0 0 0  
- 6 . 4 6 3 3  + 0 0 0  
- 6 . 6 5 5 9 + 0 0 0  
- 6 . 8 6 1 7 + 0 0 0  
- 7 . 0 8 1 4 + 0 0 0  
- 7 . 3 1 5 5 + 0 0 0  
- 7 . 5 6 4 5 + 0 0 0  
- 7 . 8 2 9 2 + 0 0 0  
- 8 . 1 1 0 0 + 0 0 0  
- 8 . 4 0 7 6 + 0 0 0  
- 8 . 7 2 2 7 + 0 0 0  
- 9 . 0 5 6 0 + 0 0 0  
- 9 . 4 0 8 3 + 0 0 0  
- 9 . 7 8 0 5 + 0 0 0  
- 1 . 0 1 7 3 + 0 0 1  
- 1 . 0  58 8 + 0 0 1  
- 1  , 1 02 7 + 0 0 1  
- 1 . 1 5 2 3 + 0 0 1  
h i ,  2 0 2 9  + 0 0 1
__ o l _
3 . 0 0 0 0 + 0 0 0  
3 . 0 0 0 8 + 0 0 0  
3 . 0 0 3 2 + 0 0 0  
3 . 0 0 7 2 + 0 0 0  
3 . 0 1 2 9 + 0 0 0  
3 . 0 2 n 3 + 0 0 0  
3 . 0 2 9 4 + 0 0 0  
3 . 0 4 0 3 + 0 0 0  
3 . 0 5 3 0 + 0 0 0  
3 . 0 6 7 6 + 0 0 0  
3 . 0 8 4 1 + 0 0 0  
3 . 1 0 2 7 + 0 0 0  
3 . 1 2 3 3 + 0 0 0  
3 . 1 4 6 2 + 0 0 0  
3 , 1 7 1 4 + 0 0 0  
3 .  1 9 9 0 + 0 0 0  
3 . 2 2 9 1 + 0 0 0  
3 . 2 6 2 0  + 0 0 0  
3 . 2 9 7 6 + 0 0 0  
3 . 3 3 6 3 + 0 0 0  
3 . 3  78 2 + 0 00
3 . 4 2 3 4 + 0 0 0  
- 3 . 4 7 2 2 + 0 0 0  
- 3 . 5 2 4 9 + 0 0 0  
- 3 . 5 8 1 8 + 0 0 0  
3 . 6 4 3 3 + 0 0 0  
- 3 . 7 0 9 8 + 0 0 0  
- 3 , f 8 2 8 + 0 0 0  
- 3 . 8 6 2 8 + 0 0 0  
- 3 . 9 5 0 2 + 0 0 0  
- 4 . 0 4 5 2 + 0 0 0  
- 4 . 1 4 8 2  + 0 0 0  
- 4 , 2 5 9  5 + 0 0 0  
- 4 . 3 7 9 5 + 0 0 0  
- 4 . 5 0 8 3 + 0 0 0  
- 4 , 6 4 6 4 + 0 0 0  
- 4 . 7 9 4 1 + 0 0 0  
4 , 9 5 1 7  + 0 0 0  
- 5 . 1 1 9 6  + 0 0 0  
- 5 . 2 9 8 1 + 0 0 0  
- 5 . 4 8 7 7 + 0 0 0  
- 5 . 6 8 8 8 + 0 0 0  
- 5 . 9 0 1 8 + 0 0 0  
- 6 . 1 2 7 2 + 0 0 0  
- 6 . 3 6  5 5 + 0 0 0  
- 6 , 6 1 7 2 + 0 0 0  
6 , 8 8 3 0  + 00  
7 . 1 6 3 5 + 0 0 0  
- 7 . 4 6 0 7 + Q O O  
- 7 . 7 9 6 2 + 0 0 0  
- 8 . 1 3 8 2 + 0 0 0
T
- 1 , 1 4 2 7 + 0 0 0  
1 . 1 4 3 1  + 0 0 0  
1 , 1 4 4 2 + 0 0 0  
] , 1 4 6 1 + 0 0 0  
I . 1 4 8 8 + 0 0 0  
1 . 1 5 2 3 + 0 0 0  
1 . 1 5 6 6 + 0 0 0
1,16 1 7 + n o o  
1 . 1 6 7 7  + 0 0 0  
1. 1 7 4 6 + o n o  
1 , 1 8 2 4 + 0 0 0  
1 . 1 9 1 2 + 0 0 0  
1 . 2 0 1 0 + 0 0 0  
1 . 2 1  18 + 0 0 0  
1 , 2 2 3 7 + 0 0 0  
1 . 2 3 6 8  + 0 0 0  
1 . 2 5  12 + 0 0 0  
1 . 2 6 6 9  + 0 0 0  
- 1 . 2 8 3 9 + 0 0 0  
- 1 . 3 0 2 5 + 0 0 0  
- ]  . 3 2 2 7  + 0 0 0  
- 1 , 3 4 4 6 + 0 0 0  
- 1 . 3 6 8 4 + 0 0 0  
- 1 . 3 9 4 2 + 0 0 0  
- 1 . 4 2 2 3 + 0 0 0  
- 1 . 4 5  28 + 0 0 0  
- 1 . 4 8 6 1  + 0 0 0  
1 . 5 2 1 6 + 0 0 0
- 9 . 4 9 2 2 - 0 0 1  
- 1 . q 3 1 o+ ^ 0 0
- 1 . 5 5 9 3  + 0 o 0 j - l *  1 1 8 6  + 0 0 0  
- 1 . 5 9 9 4 + 0 0 0  
- 1 . 6 4 2 0 + 0 0 0
r-1 • 2 1 0 4 + 0 0 0  
- 1 . 3 0 7 2 + 0 0 0  
- 1 . 6 8 7 5 + 0 0 0 - 1 . 4 1 0 0 + 0 0 0
- 1 . 7 3 5 8 + 0 0 0  
- 1 . 7 8 7 3 + 0 0 0  
- 1 . 8 4 2 1  + 0 0 0  
- 1 . 9 0 0 3  + 0 0 0  
- 1 . 9 6 2 2  + 0 0 0  
- 2 . 0 2 7 9 + 0 0 0  
- 2 . 0 9  76 + Oeo 
- 2 . 1 7 1 5 + 0 0 0  
- 2 . 2 4 9 8 + 0 0 0  
- 2 , 3 3 2 7 + O n o  
- 2 , 4 2 0 3 + 0 0 0  
2 . 5 1 2 9 + 0 0 0
r - 2 . 6 1 0 8  + 0 0 0
- 2 . 7 1 4 1 + 0 0 0
- 2 . 8 2 3 2 + 0 0 0
- 2 . 9 3 8 3 + 0 0 0
- 3 . 0 6 o 2 +Ono
- 3 . 1 9 7 8 + 0 0 0
- 3 . 3 3 8 1 + 0 0 0
- 1  • 5 1 9 5 + 0 0 0  
- 1 . 6 3 6 7 + 0 0 0  
- 1 . 7 6 2 7 + 0 0 0  
- 1 . 8 9 8 4  + 0 0 0  
r - 2 . 0 4 5 0 + 0 0 0  
- 2 . 2 o 3 6 + o o 0  
- 2 . 3 7  5 1 + 0 0 0  
- 2 . 5 6 1 2 + 0 0 0  
- 2 . 7 6 2 8 + 0 0 0  
- 2 . 9 8 1 4 + 0 0 0  
- 3 . 2 1 8 4 + 0 0 0  
- 3 . 4 7 5 3 + 0 0 0  
- 3 . 7 5 3 7 + 0 0 0  
- 4 . 0 , 5 5 2 + 0 0 0  
- 4 . 3 8 1 9 + 0 0 0  
4 , 7 3 5 6 + 0 0 0  
b-5.  1 197 + 0 0 0  
f-5 • 5 6 4 5  + 0 0 0
- 6 . 0 0 7 6 + 0 0 0
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Pi P 1 T k i
2 . 0 0 0 0 - 0 0 2
4 . 0 0 0 0 -  0 0 2
6 . 0 0 0 0 -  0 02  
8 . 0 0 0 0 - 0 0 2  
1 . 0 0 0 0 - 0 0 1  
1 . 2 0 0 0 - 0 0 1
1 . 4 0 0 0 -  0 0 1  
1 . 6 0 0 0 - 0 0 1  
1 . 8 0 0 0 - 0 0 1  
2 . 0 0 0 0 - 0 0 1  
2 . 2 0 0 0 - 0 0 1
2 . 4 0 0 0 -  001  
2 . 6 0 0 0 - 0 0 1  
2 . 8 0 0 0 - 0 0 1
3 . 0 0 0 0 -  0 0 1
3 . 2 0 0 0 -  001
3 . 4 0 0 0 -  001
3 . 6 0 0 0 -  001
3 . 8 0 0 0 -  001
4 . 0 0 0 0 -  0 0 1
4 . 2 0 0 0 -  001
4 . 4 0 0 0 -  0 0 1
4 . 6 0 0 0 -  001
4 . 8 0 0 0 -  001
6 . 0 0 0 0 -  001
5 . 2 0 0 0 -  001
5 . 4 0 0 0 -  001
5 . 6 0 0 0 -  0 0 1  
* 5 . 8 0 0 0 - 0 0 1  
6 . 0 0 0 0 - 0 0 1
6 . 2 0 0 0 -  001
6 . 4 0 0 0 -  001
6 . 6 0 0 0 -  001
6 . 8 0 0 0 -  001
7 . 0 0 0 0 -  0 0 1
7 . 2 0 0 0 -  0 0 1
7 . 4 0 0 0 -  001
7 . 6 0 0 0 -  001
7 . 8 0 0 0 -  001
8 . 0 0 0 0 -  001
8 . 2 0 0 0 -  001
8 . 4 0 0 0 -  001
8 . 6 0 0 0 -  001
8 . 8 0 0 0 -  001 
9 . 0 0 0 0 - 0 0 1  
9 . 2 0 0 0 - 0 0 1
9 . 4 0 0 0 -  001  
9 , 6 0 0 0 - 0 0 1  
9 . 8 0 0 0 - 0 0 1  
1 . 0 0 0 0 + 0 0 0
1 . 0 0 0 0 + 0 0 0
9 . 9 9 8 5 - 0 0 1
9 . 9 9 2 3 - 0 0 1
9 . 9 8 1 8 - 0 0 1 -
9 . 9 6 6 7 - 0 0 1
9 . 9 4 6 6 - 0 0 1
9 . 9 2 0 8 - 0 0 1
9 . 8 8 8 7 - 0 0 1
9 . 8 4 9 2 - 0 0 1
9 . 8 0 1 3 - 0 0 1
9 . 7 4 3 7 - 0 0 1
9 . 6 7 4 7 -  0 0 1  
9 . 5 9 2 4 - 0 0 1  
9 . 4 9 4 6 - 0 0 1  
9 . 3 7 8 6 - 0 0 1  
9 . 2 4 1 4 - 0 0 1  
9 . 0 7 9 4 - 0 0 1  
8 . 8 8 8 2 - 0 0 1  
8 . 6 6 2 8 - 0 0 1  
8 . 3 9 7 5 - 0 0 1  
8 . 0 8 5 2 - 0 0 1  
7 . 7 1 7 9 - 0 0 1  
7 . 2 8 6 0 - 0 0 1  
6 . 7 7 8 2 - 0 0 1  
6 . 1 8 0 9 - 0 0 1  
5 . 4 7 8 1 - 0 0 1  
4 . 6 5 0 5 - 0 0 1
3 . 6 7 4 8 -  0 0 1  
2 . 5 2 3 5 - 0 0 1  
1 . 1 6 4 4 - 0 0 1
- 4 . 4 0 1 5 - 0 0 2  
- 2 . 3 3 3 8 - 0 0 1  
- 4 . 5 6 7 4 - 0 0 1  
- 7 . 1 9 9 9 - 0 0 1  
- 1 . 0 2 9 9 + 0 0 0  
- 1 . 3 9 4 4 + 0 0 0  
- 1 . 8 2 2 6 + 0 0 0  
- 2 . 3 2 4 8 + 0 0 0  
- 2 . 9 1 3 2 + 0 0 0  
- 3 . 6 0 1 4 + 0 0 0  
- 4 . 4 0 5 4 + 0 0 0  
- 5 . 3 4 3 3 + 0 0 0  
- 6 . 4 3 5 8 + 0 0 0  
- 7 . 7 0 6 7 + 0 0 0  
- 9 . 1  8 3 2  + 0 0 0  
- 1 . 0 8 9 7 + 0 0 1  
- 1 . 2 8 8 2 + 0 0 1  
1 . 5 1 8 0  + 0 0 1  
- 1 . 7 8 3 8  + 0 0 1  
- 2 . 0 9 0 7 + 0 0 1  
- 2 . 4 4 5 1 + 0 0 1
■ 4 . 3 2 5 0 + 0 0 0 -  
■ 4 . 3 2 0 8  + 0 0 0 -  
4 . 3 1 3 6 + 0 0 0 -  
• 4 . 3 0 3 2 + 0 0 0  
■ 4 . 2 8 9 1 + 0 0 0  
• 4 . 2 7 0 6  + 0 0 0  
■ 4 . 2 4 7 0 + 0 0 0  
- 4 . 2 1 7 3 + 0 0 0  
- 4 . 1 8 0 2 + 0 0 0
- 4 . 1 3 4 3 + 0 0 0 - 2 . 8 5 9 9 + 0 0 0
■ 4 . 0 7 7 8 + 0 0 0  
■ 4 . 0 0 8 6 + 0 0 0  
■ 3 . 9 2 4 0  + 0 0 0
- 2 . 8 1 9  4 + 0 0 0  
- 2 . 7 6 9 9 + 0 0 0  
- 2 . 7 0 9 9 + 0 0 0
3 . 8  2 10 + 0 0 0 - 2 . 6  3 70 + 0 00
3 . 6 9 5 8 + 0 0 0  
3 . 5 4 4 0 + 0 0 0  
3 . 3 6 0 3 + 0 0 0  
3 . 1 3 8 2 + 0 0 0  
2 . 8 7 0 2 + 0 0 0  
2 . 5 4 6 9 + 0 0 0  
2 . 1 5 7 3 + 0 0 0  
1 . 6 8 7 9 + 0 0 0  
1 . 1 2 2 3 + 0 0 0  
4 . 4 0 4 9 - 0 0 1  
3 . 8 2 3 4 - 0 0 1  
1 . 3 7 6 9  + 0 0 0  
2 . 5 7 9 8  + 0 0 0  
4 . 0 3 2 5 + 0 0 0  
5 . 7 8 3 9 + 0 0 0  
7 . 8 9 1 5 + 0 0 0  
1 . 0 4 2 3 + 0 0 1  
1 . 3 4 5 7 + 0 0 1  
1 . 7 0 8 6 + 0 0 1  
2 . 1 4 1 9 + 0 0 1  
2 . 6 5 8 0 + 0 0 1  
3 . 2 7 1 5 + 0 0 1  
3 . 9 9 9 4 + 0 0 1  
4 , 8 6 1 4 + 0 0 1  
5 . 8 8 0 3 + 0 0 1  
7 . 0 8 2 3 + 0 0 1  
8 . 4 9 8 1 + 0 0 1  
1 . 0 1 6 3 + 0 0 2  
1 . 2 1 1 7 + 0 0 2  
1 . 4 4 0 8 + 0 0 2  
1 . 7 0 9 0 + 0 0 2  
2 . 0 2 2 6  + 0 0 2  
2 . 3 8 8 7 + 0 0 2  
2 . 8  157  + 0 0 2  
3 . 3 1 3 2 + 0 0 2  
3 . 8 9 2 6 + 0 0 2
2 . 9 9 8 9 + 0 0 0  
2 . 9 9 5 8 + 0 0 0  
2 . 9 9 0 5 + 0 0 0  
2 . 9 8 2 8 + 0 0 0  
2 . 9 7 2 3 + 0 0 0  
2 . 9 5 8 7 + 0 0 0  
2 . 9 4 1 5 + 0 0 0  
2 . 9 1 9 8  + 0 0 0  
2 . 8 9 2 9 + 0 0 0
- 2 . 5 4 8 8  + 0 0 0  
- 2 . 4 4 2 2  + 0 0 0  
- 2 . 3 1 3 7  + 0 0 0  
- 2 . 1 5 8 9 + 0 0 0  
- 1 . 9 7 2 7 + 0 0 0  
1 . 7 4 8 8  + 0 0 0  
- 1 . 4  797  + 0 0 0  
- 1 . 1 5 6 4 + 0 0 0  
- 7 . 6 8 0 0 - 0 0 1  
- 3 . 0 1 0 3 - 0 0 1  
2 . 6 0 9 6 - 0 0 1  
9 . 3 8 3 9 - 0 0 1  
1 . 7 5 5 9 + 0 0 0  
2 . 7 4 1 6 + 0 0 0  
3 . 9 2  86  + 0 0 0  
5 . 3 5 6 0 + 0 0 0  
7 . 0 6 9 4 + 0 0 0  
9 . 1 2 2 4 + 0 0 0  
1 . 1 5 7 8 + 0 0 1  
1 . 4 5 0 8 + 0 0 1  
1 . 7 9 9 8 + 0 0 1  
2 . 2 1 4 8 + 0 0 1  
2 . 7 o 7 1 + 0 0 1  
3 . 2 9 0 2 + 0 0 1  
3 . 9 7 9 3 + 0 0 1  
4 . 7 9 2 4 + 0 0 1  
5 . 7 5 0 1 + 0 0 1  
6 . 8 7 6 2 + 0 0 1  
8 . 1 9 8 4 + 0 0 1  
9 . 7 4 8 3 + 0 0 1  
1 . 1 5 6 3 + 0 0 2  
1 . 3 6 8 4 + 0 0 2  
1 . 6 1 6 1 + 0 0 2  
1 . 9 0 5 0 + 0 0 2  
2 . 2 4 1 6 + 0 0 2  
2 . 6 3 3 6 + 0 0 2
1 4 2 7 + o n o  
1 4 2 4 + 0 0 0  
1 4 1 4 + 0 0 0  
1 3 9 7 + 0 0 0  
1 . 1 3 7 3  + 0 0 0  
1 . 1 3 4 0  + 0O0 
1 .  12 9 6  + 0 0 0  
1 . 1 2 4 0  + 0O0 
1 . 1 1 6 8  + 0 0 0  
1 . 1 0 7 7  + 0 0 0  
1 , 0 9 6 4  + 0 0 0  
■ 1  , o 8 2 4  + o n o  
■ 1 . 0 6 5 1  + 0 0 0  
■1 . 04  3 7 + 00 0 
• 1 . 0 1 7 5  + 0 0 0
■ 9 , 8  5 4 4 - 0 0  1 
• 9 . 4 6 2 8 - 0 0 1  
■ 8 , 9 8 5 7 - 0 0  1 
■ 8 . 4 0 5 6 - 0 0 1  
■ 7 . 7 0 1 2 - 0 0 1  
• 6 . 8 4 6 9 - 0 0 1
■ 5 . 8 1 1 5 - 0 0 1  
- 4 . 5 5 7 1 - 0 0 1  
■3, 0 3 7 4 - o n  1 
•1 • 1 9 5 o ~ O o l
1 . 0 4 1 0 - 0 0 1
3 . 7 5 9 4 - 0 0 1  
7 . 0 6 3 1 - 0 0 1  
1 .  1 0 6 7  + 0 0 0  
1 . 5 9 0 7  + 0 0 0  
2 . 1 7 4 2  + 0 0 0  
2 . 8 7 5 8 + 0 0 0  
3 . 7 1 7 6  + 0 0 0  
4 , 7 2 5 1 + 0 0 0  
5 . 9 2  81 + 0 0 0  
7 . 3 6  13 + 0 0 0  
9 . 0 6 5 3 + 0 0 0  
1 .  1 0 8 7  + 0 0 1  
1 . 3 4 8 1  + 00  1 
1 . 6 3 1 0 + 0 0 1  
1 . 9 6 4 8  + Qn l  
2 . 3 5 7 8 + 0 0 1  
2 . 8 1 9 9 + 0 0 1  
3 . 3 6 2 4  + 00 1 
3 . 9 9 8 3 + 0 0 1  
4 . 7 4 2 7 + 0 0 1  
5 . 6 1 2 9  + 00 
6 , 6 2 8 9  + OOj.. 
7 . 8 1 4 0 + 0 0 1  
9 , 1 9 4 6 + 0 0  1 
1 . 0 8 0 2 + 0 0 2
4 . 5 2 9 2 - 0 0 1  
1 . 4 8 9 1 - 0 0 1  
2 . 6 5 6 9 - 0 0 1  
8 . 2 0 6 7 - 0 0 1  
1 • 5 5 2 1  + 0 0 0  
2 . 5 0 6 9 + 0 0 0  
3 . 7 4 0 8 + 0 0 0  
5 . 3 2 5 2  + 0 0 0  
7 . 3 4 8 3 + 0 0 0  
9 . 9 1 7  3 + 0 0 0  
1 . 3 1 6 5 + 0 0 1  
1 . 7 2 5 4 + 0 0 1  
2 . 2 3 8 5 + 0 0 1  
2 . 8 7 9 9 + 0 0 1  
3 . 6 7 9 1 + 0 0 1  
4 . 6 7 2 1 + 0 0 1  
5 • 9 0 2  l + OOl  
7 . 4 2 1 6 + 0 0 1  
9 . 2 9 3 5  + 001  
1 . 1 5 9 4 + 0 0 2  
1 . 4 4 1 4 + 0 0 2  
1 , 7 8 6 2 + 0 0 2  
2 . 2 0 7 1 + 0 0 2  
2 . 7 1 9 7 + 0 0 2 
3 . 3 4 2 9 + 0 0 2
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TABLE 5 XXI
3 0 Mode 3
P L
0 . 0 0 oo+pool l . nooo+ oo o
2 . 0 0 0 0 -  0 02  9 , 9 9 4 3 - 0 0 1  
4 . 0 0 0 0 —002  9 • 9 7 5 8 - 0 0  1
6 . 0 0 0 0 -  002  9 . 9 4 4 0 - 0 0 1
8 . 0 0 0 0 -  002  9 . 8 9 8 7 - 0 0 1
1 . 0 0 0 0 -  001  9 . 8 3 9 1 - 0 0 1
1 . 2 0 0 0 -  001  9 . 7 6 3 9 - 0 0 1
1 . 4 0 0 0 -  001  9 . 6 7 1 7 - 0 0 1
1 . 6 0 0 0 -  001  9 . 5 6 0 7 - 0 0 1
1 . 8 0 0 0 -  001  9 . 4 2 8 8 - 0 0 1
2 . 0 0 0 0 -  001  9 . 2 7 3 6 - 0 0 1
2 . 2 0 0 0 -  001  9 . 0 9 2 0 - 0 0 1
2 . 4 0 0 0 -  001  8 . 8 8 0 9 - 0 0 1
2 . 6 0 0 0 -  001  8 . 6 3 6 3 - 0 0 1
2 . 8 0 0 0 -  001  8 . 3 5 4 0 - 0 0 1  
3 . nOOO-OO 1 8 . 0 2 9 0 - 0 0 1
3 . 2 0 0 0 -  001  7 . 6 5 5 9 - 0 0 1
3 . 4 0 0 0 - 0 0 1  7 
3 . 6 0 0 0 - 0 0 1  6 
3 . 8 0 0 0 - 0 0 1  6 
4 . 0 0 0 0 - 0 0 1  5 
4 . 2 0 0 0 - 0 0 1  4
2 2 8 6 - 0 0 1
7 4 0 4 - 0 0 1
1 8 3 8 - 0 0 1
5 5 1 0 - 0 0
8 3 3 4 - 0 0
1 - 4
4 . 4 0 0 0 -  001  4 . 0 2 2 1 - 0 0 1
4 . 6 0 0 0 -  001  3 . 1 0 7 8 - 0 0 1
4 . 8 0 0 0 -  001  2 . 0 8 1 6 - 0 0 1  
5 . 0 0 0 0 - 0 0 1  9 . 3 4 9 2 - 0 0 2
5 . 2 0 0 0 -  00 l i - 3 . 3 9 7 3 - 0 0 2
5 . 4 0 0 0 -  0 0 l h 1 . 7 4 7 5 - 0 0 1
5 . 6 0 0 0 -  00  l i - 3 . 2 8 9 3 - 0 0 1
5 . 8 0 0 0 -  0 0 l h 4 . 9 5 8 9 - 0 0 1
6 . 0 0 0  0 - 0 0 l h 6 . 7 3 9 7 - 0 0 1
6 . 2 0 0 0 -  0 0 l h 8 . 6 0 0 4 - 0 0 1
6 . 4 0 0 0 -  0 0 l h l . 0 4 9 0 + 0 0 0
6 . 6  0 0 0 - 0  0 l h l . 2  329 + 0 00
6 . 8 0 0 0 -  0 0 l h l . 4 0 0 5 + 0 0 0
7 . 0  000  — 0 0 l h l . 5 3 5 3  + 0 0 0
7 . 2 0 0 0 -  0 0 l h l . 6 1 4 9 + 0 0 0
7 . 4 0 0 0 -  0 0 l h l . 6 0 8 8 + 0 0 0
7 . 6 0 0 0 -  0 0 l h l . 4 7 5 8 + 0 0 0  
7 . 8  0 0 0 - 0  0 l h l • 1 6 1 6  + 0 00  
8 . 0 0 0 0 - 0 0 l h 5 . 9 4 8 1 - 0 0 1
8 . 2 0 0 0 -  001  3 . 1 7 4 9 - 0 0 1
4 0 0 0 - 0 0 1  1 . 6 9 5 4 + 0 0 0  
6 0 0 0 - 0 0 1  3 . 6 9 3 0 + 0 0 0  
8 0 0 0 - 0 0 l |  6 . 5 0 7 6  + 000  





9 . 2 0 0 0 - 0 0 1 1  1 . 5 6 5 6  + 001  
9 . 4 0 0 O - 0 0 1  2 , 2 7 0 7 + 0 0 1  
9 . 6 0 0 0 - 0 0 1  3 . 2 0 4 6 + 0 0 1  
9 . 8 0 0 0 - 0 0 1  4 . 4 3 0 4 + 0 0 1  
1 . 0 0 0 0 + 0 0 0  6 . 0 2 5 8 + 0 0 1
3 + 000  
4 . 3 2 1 9 + 0 0 0  
4 . 3 0 8 6 + 0 0 0  
4 . 2 8 6 1 + 0 0 0  
4 , 2 5 3 7 + 0 0 0  
4 . 2 1 0 5 + 0 0 0  
4 . 1 5 5 4 + 0 0 0  
4 . 0 8 6 7 + 0 0 0  
4 . 0 0 2 6 + 0 0 0  
3 . 9 0 0 9 + 0 0 0  
3 . 7 7 8 9 + 0 0 0  
3 . 6 3 3 4 + 0 0 0  
3 . 4 6 0 8 + 0 0 0  
3 . 2 5 7 0 + 0 0 0  
3 . 0 1 7 0 + 0 0 0  
2 . 7 3 5 4 + 0 0 0  
2 . 4 0 6 0 + 0 0 0  
2 . 0 2 1 9 + 0 0 0  
1 . 5 7 5 6  + 000  
1 . 0 5 8 7 + 0 0 0  
. 6 2 5 6 - 0 0 1  
2 . 2 2 1 5 - 0 0 1  
1 . 0 0 4 6 + 0 0 0  
1 . 8 9 3 7 + 0 0 0  
2 . 8 9 7 1 + 0 0 0  
4 . 0 2 0 1 + 0 0 0  
5 . 2 6 4 3 + 0 0 0  
6 . 6 2 2 4 + 0 0 0  
8 . 0 7 2 0 + 0 0 0  
9 . 5 7 2 5 + 0 0 0  
1 . 1 0 5 7 + 0 0 1  
1 . 2 4 2 3 + 0 0 1  
1 . 3 5 1 9 + 0 0 1  
1 . 4 1 2 9 + 0 0 1  
1 . 3 9 5 1 + 0 0 1  
1 . 2 5 7 0 + 0 0 1  
9 . 4 2 3 3 + 0 0 0  
3 . 7 5 6 8 + 0 0 0  
- 5 . 4 3 0 8 + 0 0 0  
- 1 . 9 4 5 6 + 0 0 1  
- 4 . 0 0 4 1 + 0 0 1  
- 6 . 9 4 2 1 + 0 0 1  
- 1 . 1 0 4 8 + 0 0 2  
- 1 . 6 6 9 4 + 0 0 2  
- 2 , 4 3 5 4 + 0 0 2  
- 3 . 4 6 3 4 + 0 0 2  
- 4 . 8 3 0 5 + 0 0 2  
- 6 . 6 3 3 9 + 0 0 2  
- 8 . 9 9 7 2 + 0 0 2  
- 1 . 2 0 7 7 + 0 0 3  




3 . 0 0 0 0 + 0 0 0  
2 . 9 9 6 9 + 0 0 0  
2 . 9 8 7 4 + 0 0 0  
2 . 9 7 1 4 + 0 0 0  
2 . 9 4 8  5 + 0 00  
h 2 . 9 1 7 9 + 0 0 0  
2 . 8 7 8 9 + 0 0 0  
- 2 . 8 3 0 4 + 0 0 0  
- 2 . 7 7 1 2 + 0 0 0  
- 2 . 6 9 9 6 + 0 0 0  
2 . 6 1 4 0 + 0 0 0  
- 2 . 5 1 2 1 + 0 0 0  
- 2 . 3 9 1 4 + 0 0 0  
- 2 . 2 4 9 2 + 0 0 0  
- 2 . 0 8 2 1 + 0 0 0  
- 1 . 8 8 6 4 + 0 0 0  
r l  . 6 5 8 0  + 0 00  
- 1 . 3 9 2 2 + 0 0 0  
- 1 . 0 8 3 9 + 0 0 0  
- 7 . 2 7 6 7 - 0 0 1  
- 3 . 1 7 5 9 - 0 0 1  
1 . 5 2 3 9 - 0 0 1  
6 . 8 8 3 1 - 0 0 1  
1 , 2 9 5 9 + 0 0 0  
1 . 9 7 9 9 + 0 0 0  
2 . 7 4 3 7 + 0 0 0  
3 . 5 8 7 6 + 0 0 0  
4 . 5 0 7 3 + 0 0 0  
5 . 4 8 7 9 + 0 0 0  
6 . 5 O 2 0 + 0 0 0  
7 . 5 0 4 3 + 0 0 0  
8 , 4 2  57 + 0 00  
9 . 1 6 4 1 + 0 0 0  
9 . 5 7 3 4 + 0 0 0  
9 . 4 4 9 6 + 0 0 0  
8 . 5 1  18 + 0 00  
6 , 3 7 9 6 + 0 0 0  
2 . 5 4 2 9  + 000  
- 3 . 6 7  5 5 + 0 00  
- 1 . 3 1 6 6 + 0 0 1  
- 2 . 7 0 9 5  + 001  
- 4 . 6 9 7 3 + 0 0 1  
- 7 . 4 7 5 4 + 0 0 1  
1 . 1 2 9 5 + 0 0 2  
- 1 . 6 4 7 7 + 0 0 2  
- 2 . 3 4 3 3 + 0 0 2  
- 3 , 2 6 8 2  + 002  
- 4 . 4 8 8 3 + 0 0 2  
- 6 . 0 8 7 2 + 0 0 2  
- 8 . 1 7 1 3 + 0 0 2  
- 1 . 0 8 6 9 + 0 0 3
T
1 . 1 4 2 7 + 0 0 0  
- 1 , 1 4 1 6 + 0 0 0  
- 1 . 1 3 8 2 + 0 0 0  
1 3 2 5 + 0 0 0  
1 2 4 2 + 0 0 0  
1 . 1132  + 0 00  
-1 . 0 9 9 1  + n no  
- 1 . 0 8  1 5 + 00 0 
- 1 . 0 5 9 9 + 0 0 0  
- 1 . 0 3 3 7  + 000  
- 1 . 0 0 2 2 + 0 0 0  
9 , 6 4 4  4 - 0 0  1
- 9 . 1 9  5 4 - 0 0  1 
- 8 . 6 6 3 0 - 0 0 1  
- 8 . 0 3 4 0 - 0 0 1  
7 . 2 9 3 4 - 0 0 1  
- 6 . 4 2 4 0 - 0 0 1  
- 5 . 4 0 6 7 - 0 0 1  
- 4 . 2 2 0 0 - 0 0 1  
- 2 . 8 4 0 6 - 0 0  1 
- 1 . 2 4 3 2 - 0 0 1  
5 . 9 8 8 3 - 0 0 2  
2 . 7 1 2 9 - 0 0 1  
5 . 1 2 5 9 - 0 0 1  
7 . 8 6 2 4 - 0 0 1  
1 . 0 9 4 2 + 0 0 0  
1 . 4 3 7 2  + 000  
1 . 8 1 30 + 0O0 
2 . 2 1 5 3 + 0 0 0  
2 . 6 3 2 6 + 0 0 0  
3 . 0 4 6 3 + 0 0 0  
3 . 4 2 7 6  + 000  
3 . 7 3 4 6  + 000  
3 . 9 0 7 1 + 0 0 0  
3 . 8 6 1 2 + 0 0 0  
3 . 4 8 1 3 + 0 0 0  
2 . 6 1 1 2 + 0 0 0  
1 . 0 4 1 5 + 0 0 0  
- 1 . 5 0 5 9  + 000  
- 5 . 3 9 6 5 + 0 0 0  
- 1 . I I 08 + O0 I 
1 . 9 2 6 1 + 0 0 1  
- 3 , 06 56 + 001 
- 4 , 6 3 2 4 + 0 0 1  
- 6 . 7 5 8 2 + 0 0 1  
- 9 , 6 1 1 3 + 0 0 1  
- 1 • 34o  5 + 00 2 
- 1 . 8 4 l o  + 0 o 2 
- 2 . 4 9 6 8 + 0 0 2  
- 3 . 3 5 1 7 + 0 0 2  
- 4 , 4 5 8 2 + 0 0 2
7 . 9 6 3 4 - 0 0 1  
1 • 4 9 7 5 + 0 0 0  
2 . 3 5 0 8 + 0 0 0  
3 • 3 6 6 8 + 0 0 0  
4 . 5 4 9 0 + 0 0 0
5 .8880+OOO 
7 . 3 4 9 5 + n o o  
8 . 8 6 4 9 + 0 0 0  
1 . o3 l o + o o l  
1 .  1481 + 001 
1 . 2 0 5 5 + 0 0 1  
1 . 1547  + 001 
9 . 2 3 3 2 + 0 0 0  
4 . 0 689+O00  
- 5 . 4 37 8  + noO 
- 2 . 1 3 9 2 + 0 0 1  
* 4 . 6 7 1 8 + o o l  
- 8 . 5 4 5 6 + 0 0 1  
- 1 . 4 3 1 2 + 0 0 2  
- 2 . 2 7 2 0 + 0 0 2  
- 3 . 4 7 8 0 + 0 0 2  
* - 5 . 1 8 4 3 + 0 0 2  
- 7 . 5 7 1 2 + 0 0 2  
- 1 . 08 8 0+ p p 3 
- 1 . 5 4 2 2 + 0 0 3
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TABLE b X X I I
M 3 0 M o d e 4
o . o o ^ o + o o o
2 , 0 0 0 0 - 0 0 2
4 . 0 0 0 0 -  0 02
6 . 0 0 0 0 -  002
8 , 0 0 0 0 - 0 0 2  
1 , 0  00  0 - 0  0 l 
1 , 2 0 0 0 - 0  0 l
1 . 4 0 0 0 -  001
1 . 6 0 0 0 - 0 0 1
1 . 8 0 0 0 - 0 0 1
2 . 0 0 0 0 - 0 0 1
2 .2 0 0 0 - 0 0 1
2 . 4 0 0 0 -  001
2 . 6 0 0 0 - 0 0 1
2 . 8 0 0 0 - 0 0 1
3 . 0 0 0 0 -  001
3 . 2 0 0 0 -  0 0 1
3 . 4 0 0 0 -  001
3 . 6 0 0 0 -  001
3 . 8 0 0 0 -  001
4 . 0 0 0 0 -  001
4 . 2 0 0 0 -  001
4 . 4 0 0 0 -  001
4 . 6 0 0 0 -  001
4 . 8 0 0 0 -  001
3 . 0 0 0 0 -  001
3 . 2 0 0 0 -  0 01
3 . 4 0 0 0 -  001
3 . 6 0 0 0 -  001
3 . 8 0 0 0 -  001
6 . 0 0 0 0 -  0 0 1
6 . 2 0 0 0 -  0 0 1
6 . 4 0 0 0 -  001
6 . 6 0 0 0 -  0 0 1
6 . 8 0 0 0 -  001
7 . 0 0 0 0 -  001
7 . 2 0 0 0 -  0 0 1
7 . 4 0 0 0 -  001
7 . 6 0 0 0 -  0 0 1
7 . 8 0 0 0 -  001
8 . 0 0 0 0 -  0 0 1
8 . 2 0 0 0 -  0 0 1
8 . 4 0 0 0 -  001
8 . 6 0 0 0 -  001
8 . 8 0 0 0 -  001
9 . 0 0 0 0 - 0 0 1
9 . 2  0 0 0 - 0 0 1
9 . 4 0 0 0 -  001
9 . 6 0 0 0 - 0 0 1
9 . 8 0 0 0 - 0 0 1  
1 . 0 0 0 0 4 0 0 0
4
4
-  3 
- 3
_____ u l ___
1 « 0 0 0 0  + 0 0 0
9 . 9 8 9 1 - 0 0 1  
9 . 9 3 3 0 - 0 0 1  
9 . 8 9 6 6 - 0 0 1  
9 , 8 1 3 7 - 0 0 1  
9 , 7 0  9 2 - 0 0 1  
9 , 3 6 9 2 - 0 0  1 
9 . 4 0 3 9 - 0 0 1  
9 . 2 0 6 7 - 0 0 1  
8 . 9 7 4 8 - 0 0 1  
8 . 7 0 5 1 - 0 0 1  
8 . 3 9 4 0 - 0 0 1  
8 . 0 3 7 4 - 0 0 1  
7 . 6 3 1 2 - 0 0 1  
7 . 1 7 0 8 - 0 0 1  
6 . 6 5 1 4 - 0 0 1  
6 . 0 6 8 3 - 0 0 1  
5 . 4 1 6 8 - 0 0 1  
4 . 6 9 2 7 - 0 0 1  
3 • 8 9 2 5 - 0 0 1  
3 . 0 1 3 9 - 0 0 1  
2 . 0 5 6 5 - 0 0 1  
1 . 0 2 2 4 - 0 0 1  
- 8 , 2 6 7 1 - 0 0 3  
1 . 2 4 8 2 - 0 0 1  
2 . 4 5 7 0 - 0 0 1  
- 3 . 6 8 3 7 - 0 0 1  
- 4 . 8 9 2 2 - 0 0 1  
^ - 6 . 0 3 2 2 - 0 0 1  
- 7 . 0 3 6 9 - 0 0 1  
| - 7 . 8 1 9 3 - 0 0 1  
- 8 . 2 7 1 5 - 0 0 1  
- 8 . 2 6 3 4 - 0 0 1  
- 7 . 6 4 5 6 - 0 0 1  
^ 6 . 2 5 6 0 - 0 0 1  
- 3 . 9 3 3 1 - 0 0 1  
- 5 . 4 0 2 8 - 0 0 2  
3 . 9 9 5 0 - 0 0 1  
9 . 6 1 9 7 - 0 0 1  
1 . 6 0 6 2 + 0 0 0  
2 . 2 6 9 2 + 0 0 0  
2 . 8 3 2 3 + 0 0 0  
3 . 0 9 2 1  + 000  
2 . 7 2 0 1 + 0 0 0  
1 . 2 0 5 7  + 000  
1 - 2 . 2 2 31  + 000  
- 8 . 7 0 8 3 + 0 0 0  
- 1 . 9 9 1 1 + 0 0  
- 3 . 8 2  18 + 00 
- 6 . 7 0 2 7 + 0 0 1  
- 1 • 1 0 9 9 + 0 0 2
P 1
• 4 . 3  26 3+00 0 
• 4 . 3 1 8 2 + 0 0 0  
- 4 . 2 9 3 4 + 0 0 0  
- 4 . 2 5 1 7 + 0 0 0  
4 . 1 9 2 0 + 0 0 0  
1 1 3 1 + 00 0  
0 1 3 2 + 0 0 0  
8 9 0 2 + 0 0 0  
7 4 1 7 + 0 0 0  
r 3 . 5 6 4 8 + 0 0 0  
l - 3 , 3 5 6 1 + 0 0 0  
- 3 . 1  119 + 000  
2 . 8 2 8 2 + 0 0 0  
- 2 , 5 0 0 6 + 0 0 0  
- 2 . 1 2 4 7 + 0 0 0  
1 . 6 9 5 9 + 0 0 0  
- 1 . 2 1 0 0 + 0 0 0  
— 6 , 6 3 3 1 —001 
- 5 . 3 2 9 6 - 0 0 2  
6 . 2 0 9 3 - 0 0 1  
1 . 3 5 7 6 + 0 0 0  
2 . 1 5 1 3 + 0 0 0  
2 . 9 9 1 4 + 0 0 0  
3 . 8 5 9 8 + 0 0 0  
4 . 7 2 9 3 + 0 0 0  
5 . 5 5 9 7 + 0 0 0  
6 . 2 9 4 0 + 0 0 0  
6 . 8  532 + 000 
7 . 1 3 1 0 + 0 0 0  
6 . 9 9 2 6 + 0 0 0  
6 . 2 7 3 3 + 0 0 0  
4 . 7 8 1 1 + 0 0 0  
2 . 3 0 4 6 + 0 0 0  
- 1 . 3 6 8 0 + 0 0 0  
- 6 . 4 1 5 9 + 0 0 0  
- 1 . 2 9 2 9 + 0 0 1  
- 2 . 0 8 1 6 + 0 0 1  
h - 2 . 9 6 6 4  + 001 
h 3 . 8 5 2 8 + 0 0 1  
4 . 5 6 1 2 + 0 0 1  
- 4 . 7 8 1 7 + 0 0 1  
- 4 . 0 0 7 9 + 0 0 1  
- 1 . 4 4 4 2 + 0 0 1  
4 . 1 2 5 9 + 0 0 1  
1 . 4 5 2 3 + 0 0 2
3 . 2  4 2 6 + 0 0 2  
6 . J 7 24 + 00 2 
1 . 0 7 9 9 + 0 0 3  
1 . 7 9 1 7 + 0 0 3  
2 . 8 6 7 3 + 0 0 3  
4 . 4 5 6 2 + 0 0 3
0 1
- 3 . n o ö n +000  
2 , 9 9 4 2  + 000  
- 2 . 9 7 6 9 + 0 0 0  
- 2 . 9 4 7 6 + 0 0 0  
- 2 . 9 0 5 7 + 0 0 0  
- 2 , 8 5 0 4 + 0 0 0  
2 .  / 8 0 4  + 0O0 
- 2 . 6 9 4 4 + 0 0 0  
- 2 . 5 9 0 6 + 0 0 0  
- 2 . 4 6 7 1 + 0 0 0  
- 2 , 3 2 1 5 + 0 0 0  
- 2 . 1 5 1 5 + 0 0 0  
- 1 . 9 5 4 3 + 0 0 0  
- 1 . 7 2 6 9 + 0 0 0  
-  I . 4 6 6 3  + 000  
-1  . 1695  + 000 
- 8 . 3 3 8 0 - 0 0 1  
- 4 . 5 6 7 1 - 0 0 1  
- 3 . 6 6 4 9 - 0 0 2  
4 . 2 6 7 8 - 0 0 1  
9 . 3 2 2 0 - 0 0 1  
1 . 4 7 5 6 + 0 0 0  
2 . 0 4 9 5  + 000 
2 . 6 4 1  3 + 000 
3 . 2 3 2 2 + 0 0 0  
3 . 7 9 4 4 + 0 0 0  
4 . 2 8 9 4 + 0 0 0  
4 . 6 6 4 4 + 0 0 0  
4 . 8 4 8 2 + 0 0 0  
4 . 7 4 9 6 + 0 0 0  
4 . 2  577 + 000  
3 . 2 4 2 8  + 000 
1 , 5 6 2 3  + 000  
- 9 , 2 6 9 4 - 0 0 1  
- 4 . 3 4 5 8 + 0 0 0  
h - 8 . 7 54 7  + 000  
- 1 . 4 0 9 2 + 0 0 1  
- 2 . 0 0 7 9 + 0 0 1  
- 2 , 6 q 75+001  
- 3 . 0 8 6 7 + 0 0 1  
- 3 . 2 3 5 6 + 0 0 1  
2 . 7 1 1 9 + 0 0 1
h - 9 . 7 7 1 4 + 0 0 0  
2 . 7 9 1 6 + 0 0 1  
9 . 8 2 6 0  + 001 
2 . 1 9  39 + 00 2 
4 . 1 7 6  1+002 
7 . 3 0 6 4 + 0 0 2  
1 . 2 1 2 2  + 003 
1 . 9 3 9 9 + 0 0 3  
3 . 0 1 5 0 + 0 0 3
IT» ^
i-T ,T  4 2T+ön~ö1 
- 1 . 1 4 n 6  + 00o|  
- 1 . 1 3 4 2 + 0 0 0  
- 1 . 1 2 3 4 + 0 0 0  
r 1 . 1 0 7 9 + 0 0 0  
1 . 0 8  f 5 + 0on  
1 . 0 6 1 5 + 0 0 0
- 1 . 0 2  9 5 + 0001 
9 . 9 0 8 5 - 0 0 1  
- 9 . 4 4 6 6 - 0 0  1! 
- 8 . 9 0 0 5 - 0 0 1  
- 8 . 2 6 0 1 - C n  1 
7 . 5 1 4 3 - 0 0 1  
- 6 . 6 5 1 1 - 0 0 1  
- 5 . 6 5 7 8 - 0 0  1 
4 . 5 2 1 6 - 0 o l  
3 . 2 3 0 5 - 0 0 1  
1 . 7 7 3 5 - 0 0 1  
1 . 4 2 3 9 - 0 0 2 '  
1 . 6 6 6 5 - 0 0 1  
3 . 6 5 0 3 - 0 0 1  
5 . 7 9 6 1 - 0 0 1  
8 . 0 7 7 2 - 0 0 1  
1 . 0 4 4 8  + 000'
1 . 2 8 3 5  + 0001 
1 . 5  132 + 00 o| 
1 . 7 1 8 3 + 0 0 0  
1 . 8 7 6 3  + 000  
1 . 9 5 7 1 + 0 0 0  
1 . 9 2 3 1 + 0 ^ 0  
1 . 7 2 8 4  + 000'
1 . 3  192 + 0oo|
6 . 3 6 6 9 - 0 0  1 
r 3 . 7 8 2 7 - 0 0 1  
- 1 . 7 7 5 7  + 0001 
- 3 . 5 8 o 6  + 0 0 o| 
5 . 7 6 8 0  + 00 0! 
- 8 . 223 2  + 00 o| 
- 1 . 0 6  8 4 + 00 1! 
- 1 . 2 6 5 1  + 00 1 
- 1 . 3 2 6 5  + 001 
- 1 . 1 1  20 + 00 1
- 4 . 0 0 7 2  + 0001 
1 . 1449  + 0011 
4 . 0 3 o 2 + 0 o l  
8 . 9 9 8 6  + 00 1 
1 . 7 1 2 9  + 002 
2 . 9 9 6 9  + 002'  
4 . 9 7 2 2 + 0 0 2  
7 . 9 5 7 1 + 0 0 2  
1 . 23 67+0031
2 . 5 1 9 1 + 0 0 0  
3 . 4 2 3 5 + 0 0 0  
4 . 3 7 1 5 + 0 0 0  
5 . 2 9 9 0 + 0 0 0  
6 . 1 1 1 1 + 0 0 0  
6 . 6 6 9 3 + 0 0 0  
6 . 7 8 3 3  + 000  
6 • 2 o 2 8+ 0 00 
4 . 6 1 7 4 + 0 0 0  
1 . 6 7 1 4 + 0 0 0  
2 , 9 9 9 9 + 0 0 0  
9 . 6 8 4 5 + 0 0 0  
1 . 8 4 4 8 + 0 0 1  
2 . 8 8 5 7 + 0 0 1  
3 . 9 5 3 8 + 0 0 1  
4 . 7 4 6 0 + 0 0 1
4 . 6 8 0 8 + 0 0 1  
2 . 7 2 4 4 + 0 0 1  
2 . 8 7 o 7  + n n l  
1 . 4 9 5 8 + 0 0 2  
3 , 8 0 7 6 + no2  
7 . 9 2 9 2 + 0 0 2  
1 . 4 9 4 4 + 0 0 3  
2 . 6 5 1 2 + 0 0 3  
4 . 5 0 2 7 + 0 0 3
i s o
T A B L E  b X X 1 1 1
M = 3 0  : Mo d e  3
r  1
4 , 3 ^ 6 3 + 0 0 0  
4 . 3  1 3 6 + 00 0  
4 . 2 7 5 1 + 0 0 0 -  
4 . 2 1 0 3 + 0 0 0  
4 . 1 1 8 1 + 0 0 0  
3 . 9 9 7 0 + 0 0 0  
3 . 8 4 5 0 + 0 0 0  
3 . 6 5 9 9 + 0 0 0  
- 3 . 4 3 9 1 + 0 0 0  
- 3 . 1 7 9 7 + 0 0 0  
- 2 . 8 7 8 7 + 0 0 0  
- 2 . 5 3 3 3 + 0 0 0  
- 2 . 1 4 0 5 + 0 0 0  
- 1 . 6 9 8 4 + 0 0 0  
- 1 . 2 0 5 4 + 0 0 0  
- 6 . 6 1 6 6 - 0 0 1  
- 6 . 9 2 6 2 - 0 0 2  
5 . 6 6 9 5 - 0 0 1  
1 . 2 3 8 3 + 0 0 0  
1 . 9 3 1 1 + 0 0 0  
2 . 6 2 5 4 + 0 0 0  
3 . 2 9 3 2 + 0 0 0  
3 . 8 9 6 8 + 0 0 0  
4 . 3 8 7 1 + 0 0 0  
4 . 7 0 1 9 + 0 0 0  
4 . 7 6 5 0 + 0 0 0  
4 . 4 8 5 5 + 0 0 0  
3 . 7 6 1 6 + 0 0 0  
2 . 4 8 9 7 + 0 0 0  
5 . 7 9 6 1 - 0 0 1  
■ 2 . 0 2 2 9 + 0 0 0  
• 5 . 3 0 2 4  + 000  
[ - 9 . 1 2 8 8  + 000  
- 1 . 3 1 9 9 + 0 0 1  
- 1 . 6 9 6 7 + 0 0 1  
- 1 . 9 5 7 8 + 0 0 1  
- 1 . 9 8 1 1 + 0 0 1  
1 . 6 0 8 0 + 0 0 1  
- 6 . 5 5 2 3 + 0 0 0  
1 . 0 5 1 6 + 0 0 1  
3 . 6 0 3 1 + 0 0 1  
6 , 8 6 1 9 + 0 0 1  
1 . 0 2 0 4 + 0 0 2  
1 . 2 0 7 5 + 0 0 2  
9 . 2 5 2 2 + 0 0 1  
- 4 . 3  5 2 6 +0 0  1 
- 3 . 9 5 8 9 + 0 0 2  
- 1. 1 504 + 00 3 
- 2 , 6 1 6 9 + 0 0 3  
- 5 . 3  16 3 + 00 3 
1 . 0 0 1 3 + 0 0 4
T L i
o . o o o o + o o o
2 . 0 0 0 0 - 0 0 2
4 . 0 0 0 0 -  002
6 . 0 0 0 0 -  0 0 2
8 . 0 0 0 0 - 0 0 2
1 . 0 0 0 0 - 0 0 1
1 . 2 0 0 0 - 0 0 1
1 . 4 0 0 0 -  001
1 . 6 0 0 0 - 0 0 1
1 . 8 0 0 0 - 0 0 1
2 . 0 0 0 0 - 0 0 1
2 . 2 0 0 0 - 0 0 1
2 . 4 0 0 0 -  001
2 . 6 0 0 0 - 0 0 1
2 . 8 0 0 0 - 0 0 1
3 . 0 0 0 0 -  001
3 . 2 0 0 0 -  001
3 . 4 0 0 0 -  001
3 . 6 0 0 0 -  001
3 . 8 0 0 0 -  001
4 . 0 0 0 0 -  001
4 . 2 0 0 0 -  001
4 . 4 0 0 0 -  ^ 0 1
4 . 6 0 0 0 -  001
4 . 8 0 0 0 -  001
5 . 0 0 0 0 -  001
5 . 2 0 0 0 -  0 0 1
5 . 4 0 0 0 -  001
5 . 6 0 0 0 -  001
5 . 8 0 0 0 -  001
6 . 0 0 0 0 -  0 0 1
6 . 2 0 0 0 -  0 0 1
6 . 4 0 0 0 -  001
6 . 6 0 0 0 -  001 
6 . 8  0 0 0 - 0 0  1
7 . 0 0 0 0 -  001
7 . 2 0 0 0 -  001
7 . 4 0 0 0 -  001
7 . 6 0 0 0 -  001
7 . 8 0 0 0 -  001
8 . 0 0 0 0 -  0 0 1
8 . 2 0 0 0 -  0 0 1
8 . 4 0 0 0 -  001
8 . 6 0 0 0 -  001
8 . 8 0 0 0 -  001 
9 . n o n o - o n  1
9 . 2 0 0 0 - 0 0 1
9 . 4 0 0 0 -  001
9 . 6 0 0 0 - 0 0 1
9 . 8 0 0 0 - 0 0 1
1 . 0 0 0 0  +  0 0 0  
9 . 9 8 2 7 - 0 0 1  
9 . 9 3 0 0 - 0 0 1  
9 . 8 3 9 5 - 0 0 1  
9 . 7 1 1 7 - 0 0 1  
9 . 5 4 5 0 - 0 0 1  
9 . 3 3 7 6 - 0 0 1  
9 . 0 8 7 0 - 0 0 1  
8 . 7 9 0 8 - 0 0 1  
8 . 4 4 6 0 - 0 0 1  
8 . 0 4 9 6 - 0 0 1  
7 . 5 9 8 2 - 0 0 1  
7 . 0 8 8 9 - 0 0 1  
6 . 5 1 8 4 - 0 0 1  
5 . 8 8 4 3 - 0 0 1  
5 . 1 8 4 7 - 0 0 1  
4 . 4 1 9 0 - 0 0 1  
3 . 5 8 8 1 - 0 0 1  
2 . 6 9 5 1 - 0 0 1  
1 . 7 4 6 0 - 0 0 1  
7 . 5 0 8 0 - 0 0 2  
\ - 2 . 7  5 8 8 - 0 0 2  
1 . 3 1 3 4 - 0 0 1  
- 2 . 3 3 4 0 - 0 0 1  
- 3 . 3 0 1 2 - 0 0 1  
- 4 . 1 6 9 2 - 0 0 1  
- 4 . 8 8 1 3 - 0 0 1  
- 5 . 3 6 9 7 - 0 0 1  
- 5 . 5 5 6 9 - 0 0 1  
r - 5 . 3 5 9 1 - 0 0 1  
- 4 . 6 9 2 3 - 0 0 1  
- 3 . 4 8 4 0 - 0 0 1  
- 1 . 6 8 8 9 - 0 0 1  
6 . 8 8 0 1 - 0 0 2  
3 . 5 6 1 4 - 0 0 1  
6 . 7 2 9 5 - 0 0 1  
9 . 8 3 3 7 - 0 0 1  
1 . 2 3 2 2 + 0 0 0  
1 . 3 4 2 6 + 0 0 0  
1 . 2 1 8 6 + 0 0 0  
7 . 5 4 9 5 - 0 0 1  
- 1 . 3 7 3 0 - 0 0 1  
- 1 . 4 7 8 8 + 0 0 0
- 3 •  1266 + 000  
- 4 . 6 0 8 3 + 0 0 0  
- 4 . 8 4 4 6 + 0 0 0  
- 1 , 6 9 9 0 + 0 0 0  
8 . 7 3 7 6 + 0 0 0  
3 . 3 2  72 + 001  
8 . 3 4 0 7 + 0 0 1
1 . 0 0 0 0 + 0 0 0 1  1 • 7 7 34 + 002
-3  • n o o n  + noo  
- 2 . 9 9 1 1 + 0 0 0  
2 . 9 6 4 2 + 0 0 0  
2 . 9 1 8 9 + 0 0 0  
2 . 8 5 4 5 + 0 0 0  
2 . 7 6 9 9 + 0 0 0  
2 . 6 6 3 9 + 0 0 0  
2 . 5 3 4 8  + 0 00  
2 . 3 8 1 0  + 0 0 n 
2 . 2 0 0 5  + 000  
1 . 9 9 1 3 + 0 0 0  
1 . 7 5 1 5 + 0 0 0  
1 . 4 7 9 1 + 0 0 0  
1 . 1 7 2 9 + 0 0 0  
8 . 3 1 8 6 - 0 0 1  
4 . 5 6 2 9 - 0 0 1  
4 . 7 7 1 4 - 0 0 2  
3 . 9 0 3 9 - 0 0 1  
8 . 5 1 8 9 - 0 0 1  
1 . 3 2 7 3  + 000  
1 . 8 0 2 7  + 000  
2 . 2 5 8 8  + 000  
2 , 6 6 9 8 + 0 0 0  
3 . 0 0 2 1 + 0 0 0  
3 . 2 1 3 4 + 0 0 0  
3 . 2 5 2 0 + 0 0 0  
3 . 0 5 6 9 + 0 0 0  
2 . 5 6 0 2  + 000  
1 . 6 9 2 7 + 0 0 0  
3 . 9 3 7 0 - 0 0 1  
- 1 . 3 7 2 9 + 0 0 0  
- 3 . 5 9 6 4 + 0 0 0  
- 6 . 1 8 8 3 + 0 0 0  
- 8 . 9 4 3 2 + 0 0 0  
- 1 . 1 4 9 3 + 0 0 1  
- 1 . 3 2 5 7 + 0 0 1  
- 1 . 3 4 1 2 + 0 0 1  
- 1 . 0 8 8 5 + 0 0 1  
- 4 . 4 3 4 5 + 0 0 0  
7 . 1 1 6 6 + 0 0 0  
2 . 4 3 8 1 + 0 0 1  
4 . 6 4 3 0 + 0 0 1  
6 . 9 0 4 2 + 0 0 1  
8 . 1 7 0 1 + 0 0 1  
6 . 2 5 9 9 + 0 0 1  
- 2 . 9 4 4 8 + 0 0 1  
- 2 . 6 7 8 5 + 0 0 2  
7 . 7 8 3 4 + 0 0 2  
- 1 . 7 7 0 5 + 0 0 3  
- 3 . 5 9 6 9 + 0 0 3  
- 6 . 7 7 4 5 + 0 0 3
1 . 1+27  + 000  
1 . 1 3 9 4  + 000 
1 , 12 9 3 + 000 
1 . 1125  + 000 
1 . Q 8 8 4 + 00 0  
1 . 0 5 6 8  + 000 
1 . 0 1 7 0 + 0 0 0  
9 . 6 8 5 9 - 0 0 ] ,  
9 . 1 0 7 0 - 0 0 1  
8 . 4 2 6 0 - 0 0 1  
7 , 6  3 4 4 - n  o 1 
■ 6 . 7 2 4 1 - 0 0 1
• 5 . 6 8  7 2 - 0 o l  
• 4 . 5 1 7 2 - 0 0 1  
• 3 . 2 0 9 6 - 0 0  1
• 1 . 7 6 3 9 - 0 0 1  
■ 1 . 8 4 5 7 - 0 0 2
1 . 5 1 6 5 - 0 0 1  
3 . 3 1 7 2 - 0 0 1  
5 . 1 8 2 1 - 0 0 1  
7 . 0 5 8 6 - 0 0 1  
8 . 8 7 2 2 - 0 0 1  
1 , o 5 2 2  + Ono 
1 . 18 75 + 000 
1 . 2 7 6 0 + 0 0 0  
1 . 2 9 6 9  + Ono 
1 . 2 2 4 6 + 0 0 0  
1 . 0 2 9 8  + 000 
6 . 8 3 3 0 - 0 0  
1 . 5 9 4 4 - Qn1 
5 . 5 7 2 7 - 0 0 1  
1 . 4 6 3 0 + 0 0 0  
2 . 5 2 1 9 + 0 0 0  
3 . 6 4 9 9 + 0 0 0  
4 , 6 9 5 9 + 0 0 0  
■ 5 . 4 2 2 1  + 000 
• 5 . 4 8 9 5  + 000 
- 4 . 4 5 7 7 + 0 0 0  
- 1 , 8 1 6 9 + 0 0 0  
2 . 9 1 6 9 + 0 0 0  
9 . 9 9 5 6 + 0 0 0  
1 . 9 0  38 + 001 
2 . 8 3 1 4 + 0 0 1  
3 . 3 5 0 8 + 0 0 1  
2 , 5 6 7  5 + 001 
1 , 2 o 7 9  + 0 o l  
- 1 . 0 9 8 7 + 0 0 2  
- 3 . 1 9 2 6 + 0 0 2  
- 7 . 2 6 2 3 + 0 0 2  
• - 1 . 4 7 5  4 + 003  
- 2 . 7 7 8 7 + 0 0 3
3 . 9 6 0 3 + 0 0 0  
4 . 5 9 0 6 + 0 0 0  
4 . 9 8 4 9 + 0 0 0  
4 . 9 9 6 4 + 0 0 0  
4 . 4 5 2 7 + 0 0 0  
3 . 1 6 1 2  + 000 
9 . 3 8 2 6 - 0 0 1  
2 . 3 4 9 9 + 0 0 0  
• 6 . 7  1 33 + 0 00  
• 1 . 1929  + n o l  
• 1 . 7 3 9 9  + 001 
■ 2 . 1 9 8 4 + 0 0 1  
- 2 . 3 8 3 4 + 0 0 1  
- 2 . 0 3 2 8  + 001 
- 8 . 2 7 5 3 + 0 0 0  
1 . 5 2 8 5 + 0 0 1  
5 .  1 07 3 + 0 01 
9 . 3 3 2 4 + 0 0 1  
1 . 2 1 5 5 + 0 0 2  
8 . 5 4 o o + o o l  
- 1 . 2 2 0 5 + 0 0 2  
- 7 . 1  o 1 3 + oo2 
- 2 . 0 6 7 9 + 0 0 3  
4 . 9n64+oo3 
- 1 . 0 4 0 6 + 0 0 4
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3 0  : Mo d e  6
r  1 p i
3 . 0 0 0 0 + 0 0 0  
2 . 9 8 7 3 + 0 0 0  
2 . 9 4 9 3 + 0 0 0  
2 . 8 8 5 5 + 0 0 0  
2 . 7 9 5 2 + 0 0 0  
2 . 6 7 7 3 + 0 0 0  
2 . 5 3 0 9 + 0 0 0  
2 . 3 5 4 6 + 0 0 0  
2 . 1 4 7 3 + 0 0 0  
1 . 9 0 7 7 + 0 0 0  
1 , 6 3 5 2 + 0 0 0  
1 . 3 2 9 4 + 0 0 0  
9 . 9 0 9 4 - 0 0 1  
6 . 2 1 7 0 - 0 0 1  
2 . 2 5  1 4 - 0 0 1  
1 . 9 3 0 1 - 0 0 1  
6 . 2 4 2 2 - 0 0 1  
1 . 0 5 6 5 + 0 0 0  
1 . 4 7 3 5 + 0 0 0  
1 . 8  5 4 3  + 0 0 0  
2 . 1 7 2 1 + 0 0 0  
2 . 3 9 4 8 + 0 0 0  
2 . 4 8 4 6 + 0 0 0  
2 . 3 9 9 3 + 0 0 0  
2 . 0 9 4 8 + 0 0 0  
1 . 5 2 8 6  + 0 0 0  
6 . 6 7 1 8 - 0 0 1  
— 5> .  02 5 2 - 0 0  1 
- 1 . 9 5 6 1  + 0 0 0  
- 3 . 6 1 2 7 + 0 0 0  
- 5 . 3 1 3 4 + 0 0 0  
- 6 . 8 0 0 5 + 0 0 0  
- 7 . 7 0 6 0 + 0 0 0  
- 7 , 5 5 8 1  + 0 0 0  
- 5 . 8 2 4 3 + 0 0 0  
- 2 . 0 1 2 4 + 0 0 0  
4 . 1 4 3 8 + 0 0 0  
1 . 2 3 8 8 + 0 0 1  
2 . 1 5 3 1 + 0 0 1  
2 . 8 9 5 3 + 0 0 1  
3 . 0 1 9 0 + 0 0 1  
1 . 8 9 4 2 + 0 0 1  
- 1  . 1 6 9 0  + 0 0 1  
- 6 . 5 2 0 4 + 0 0 1  
- 1 . 3 2  06  + 00  2 
- 1 . 6 9 2 1 + 0 0 2  
- 5 , 9 7 1 7 + 0 0 1  
4 . 6 3 3 0 + 0 0 2  
1 . 9 5 6 6 + 0 0 3  
5 . 5 5 7 4 + 0 0 3  
1 , 3 2 1  6 + 004)
1 , 1 4  2V+ 0 0 0_
1 .  1 3 7 9 + 0 0 0  
1 . 1 2 3 7  + 0 0 0  
1 . 0 9 9 7 + 0 0 0  
1 , 0 6 5 8 + 0 0 0  
1 . 0 2  1 4 + 0 0 0  
9 . 6 6 2 6 - 0 0 1  
8 . 9 9 7 3 - 0 0 1  
8 . 2 1 2 9 - Q O l  
7 . 3 0 4 8 - 0 0 1  
6 . 2 6 9 0 - 0 0 1  
5 , 1 0 3 6 - 0 0 1  
3 . 8 1 0 1 - C o l  
- 2 . 3 9 4 3 - 0 0 1  
- 8 . 6 8 4 6 - 0 0 2  
7 , 4 6 5 8 - 0 0 2  
2 . 4 1 9 0 - 0 0 1  
4 , 1 Q 3 5 - 0 0 1  
5 . 7 3 7 6 - 0 0 1  
7 . 2 3 9 5 - 0 0 1
8 . 5 0 5 1 - 0 0  1 
9 . 4 0 6 4 - 0 0 1  
9 . 7 9 2 0 - 0 0 1  
9 . 4 9 0 5 - 0 0 1  
8 . 3 1 8 4 - 0 0 1  
6 . 0 9 5 9 - 0 0 1  
2 . 6 7  3 q - Q o 1 
- 2 . 0 2 1 0 - 0 0 1  
- 7 . 8 9 5 9 - 0 0 1  
- 1 . 4 6 2 7 + 0 0 0  
- 2 . 1 5 6 8 + 0 0 0  
- 2 . 7 6 6 4 + 0 0 0  
- 3 . 1 4 0 3  + 0 0 0  
- 3 . 0 8 4 6 + 0 0 0  
- 2 . 3 7 9 8 + 0 0 0  
- 8 . 2 3 o 4 - 0 0 l  
1 . 6 9 6 1  + 0 0 0  
5 . 0 7 3 6 + 0 0 0  
8 . 8 2 1 8  + 0 0 0  
1 . 1 8 6 7 + 0 0 1  
1 . 2 3 7 7 + 0 0 1  
7 . 7 6 7 2 + 0 0 0  
t - 4 . 7 9 3 9  + 0 0 0  
- 2 . 6 7 4 2 + 0 0 1  
- 5 . 4 1 6 5 + 0 0 1  
- 6 . 9 4 0 6 + 0 0 1  
2 . 4 4 9 4  + 0 n 1 
1 , 9 0 0 ^  + 0 0 2  
8 . 0 2 5 6 + 0 0 2  
2 . 2 7 9 5 + 0 0 3  
5 . 4 2 o 8  + Oo3
Ll
0 . 0 0 0 0 + 0 0 0
2 . 0 0 0 0 - 0 0 2
4 . 0 0 0 0 -  0 0 2
6 . 0 0 0 0 -  0 0 2
8 . 0 0 0 0 - 0 0 2
1 . 0 0 0 0 - 0 0 1
1 . 2 0 0 0 - 0 0 1
1 . 4 0 0 0 -  0 0 1
1 . 6 0 0 0 - 0 0 1
1 . 8 0 0 0 - 0 0 1
2 , 0 0 0 0 - 0 0 1
2 . 2 0 0 0 - 0 0 1
2 . 4 0 0 0 -  0 01
2 . 6 0 0 0 - 0 0 1
2 . 8 0 0 0 - 0 0 1
3 . 0 0 0 0 -  0 0 1
3 . 2 0 0 0 -  0 01
3 . 4 0 0 0 -  0 0 1
3 . 6 0 0 0 -  0 0 1
3 . 8 0 0 0 -  0 01
4 . 0 0 0 0 -  0 0 1
4 . 2 0 0 0 -  0 0 1
4 . 4 0 0 0 -  0 0
4 . 6 0 0 0 -  00
4 . 8 0 0 0 -  0 0 1
5 . 0 0 0 0 -  0 0 1
5 . 2 0 0 0 -  0 0 1
5 . 4 0 0 0 -  0 0 1
5 . 6 0 0 0 -  0 0 1
5 . 8 0 0 0 -  0 0 1
6 . 0 0 0 0 -  0 0 1
6 . 2 0 0 0 -  0 0 1
6 . 4 0 0 0 -  0 0 1
6 . 6 0 0 0 -  0 0 1
6 . 8 0 0 0 -  0 01
7 . 0 0 0 0 -  0 0 1
7 . 2 0 0 0 - 0 0 1
7 . 4 0 0 0 -  0 0 1
7 . 6 0 0 0 - 0 0 1
7 . 8 0 0 0 - 0 0 1
8 . 0 0 0 0 -  0 01
1 . 0 0 0 0 + 0 0 0  
9 . 9 7 5 3 - 0 0 1  
9 . 9 0 0 7 - 0 0 1  
9 . 7 7 2 9 - 0 0 1  
9 . 5 9 3 1 - 0 0 1  
9 . 3 5 9 7 - 0 0 1  
9 . 0 7 1 0 - 0 0 1  
8 . 7 2 5 1 - 0 0 1  
8 . 3 1 9 8 - 0 0 1  
7 . 8 5 3 3 - 0 0 1  
7 . 3 2 3 6 - 0 0 1  
6 . 7 2 9 5 - 0 0 1  
6 . 0 7 0 3 - 0 0 1  
5 . 3 4 6 6 - 0 0 1  
4 . 5 6 0 4 - 0 0 1  
3 . 7 1 5 9 - 0 0 1  
2 . 8 1 9 8 - 0 0 1  
1 . 8 8 2 5 - 0 0 1  
9 . 1 8 3 0 - 0 0 2  
- 5 . 3 2 7 9 - 0 0 3  
- 1 . 0 0 7 1 - 0 0 1  
- 1 . 9 1 1 3 - 0 0  
- 2 . 7 2 7 4 - 0 0 1  
- 3 . 4 0 9 6 - 0 0 1  
- 3 . 9 0 5 7 - 0 0 1  
- 4 . 1 5 9 0 - 0 0 1  
- 4 . 1 1 0 8 - 0 0 1  
- 3 . 7 0 6 4 - 0 0 1  
- 2 . 9 0 3 8 - 0 0 1  
- 1 . 6 8 6 7 - 0 0 1  
h 7 . 9 9 5 7 - 0 0 3  
1 . 8 3 1 5 - 0 0 1  
3 . 8 8 3 3 - 0 0 1  
5 . 8 1 6 1 - 0 0 1  
7 . 2 6 9 7 - 0 0 1  
7 . 7 9 8 8 - 0 0 1  
6 . 9 2 2 7 - 0 0 1  
4 . 2 2 8 2 - 0 0 1  
- 4 . 5 7 9 3 - 0 0 2  
- 6 . 8 1 5 5 - 0 0  
- 1 . 3 7 1 1 + 0 0 0
8 . 2  0 0 0 - 0  011-1 •  8 8 8  2 +  0 0 0
8 . 4 0 0 0 - 0 0 1 - 1 . 8 8 0 0 + 0 0 0
8 . 6 0 0 0 - 0 0 1 - 9 . 1 2 3 3 - 0 0 1
8 . 8 0 0 0 - 0 0 1
9 . 0 0 0 0 - 0 0 1
9 ,2 0 0 0 - 0 0 1
9 . 4 0 0 0 - 0 0 1
9 . 6 0 0 0 - 0 0 1
9 . 8 0 0 0 - 0 0 1
1 . 0 0 0 0 + 0 0 0
1 . 3 4 8 4 + 0 0 0  
4 . 6 6 8 6 + 0 0 0  
7 . 2 3 0 1 + 0 0 0  
3 . 5 9 4 2 + 0 0 0  
+ 1 . 9 1 7 1 + 0 0 1  
- 8 . 8 8 2 5 + 0 0  
- 2 . 5 8 4 5 + 0 0 2
4 . 3 2 6 3 + 0 0 0  
4 . 3 0 8 2 + 0 0 0  
4 . 2 5 3 7 + 0 0 0  
4 . 1 6 2 2 + 0 0 0  
4 . 0 3 2 5 + 0 0 0  
3 . 8 6 3 4 + 0 0 0  
3 . 6 3 3 1 + 0 0 0  
3 . 3 9 9 7 + 0 0 0  
3 . 1 0 1 5 + 0 0 0  
2 . 7  5 6 6 + 0 0 0  
2 . 3 6 3 9 + 0 0 0  
1 . 9 2 2 8 + 0 0 0  
1 . 4 3 4 1 + 0 0 0  
9 . 0 0 2 7 - 0 0 1  
3 . 2 6 2 5 - 0 0 1  
2 . 7 9 8 5 - 0 0 1  
9 . 0 5 8 1 - 0 0 1  
1 . 5 3 4 3 + 0 0 0  
2 . 1 4 1 9 + 0 0 0  
2 . 6 9 7 8 + 0 0 0  
3 . 1 6 3 4 + 0 0 0  
3 . 4 9 1 5 + 0 0 0  
3 . 6 2 6 5 + 0 0 0  
3 . 5 0 6 2 + 0 0 0  
3 . 0 6 5 1 + 0 0 0  
2 . 2 3 9 7 + 0 0 0  
9 . 7 8 9 6 - 0 0 1  
— 7 . 3 8 3 6 - 0 0 1  
- 2 . 8 7 7 2 + C 0 0  
- 5 . 3 1 8 9 + 0 0 0  
- 7 . 8 2 8 8 + 0 0 0  
- 1 . 0 0 2 6 + 0 0 1  
- 1 . 1 3 6 8 + 0 0 1  
- 1 . 1 1 5 4 + 0 0 1  
- 8 . 5 9 8 8 + 0 0 0  
2 . 9 7 1 9 + 0 0 0  
6 . 1 2 0 8 + 0 0 0  
1 . 8 3 0 2 + 0 0 1  
3 . 1 8 1 3 + 0 0 1  
4 , 2 7 8 5 + 0 0 1  
4 . 4 6 1 6 + 0 0 1  
2 . 7 9 9 5 + 0 0 1  
- 1 . 7 2 7 7 + 0 0 1  
- 9 . 6 3 7 1 + 0 0 1  
- 1 . 9 5 1 9 + 0 0 2  
- 2 . 5 0 1 0 + 0 0 2  
- 8 . 8 2 6 4  + 00 1 
6 , 8 4 7 8 + 0 0 2  
2 . 8 9 2 0 + 0 0 3
8 . 2 1 4 0 + 0 0 3
1 . 9 5 3 3 + 0 0 4
4 . 2  3o2  + o 00  
4 . 0 2 2 5 + 0 0 0  
3 . 2 6 5 8 + 0 0 0  
1 . 8 2 9 6 + 0 0 0  
■3 . 7 o 7 3 - 0 0 l  
• 3 . 3  2 8 9 + 0 0 0  
■ 6 . 8 7 6 o + n o o
• 1 . 0 6 0 4 + 0 0 1
• 1 . 3 7 8 5  + 0 0 1  
- 1 . 5 3 2 5  + 0 0 1
• 1 . 3 8 1 2  + 0 0 1  
- 7 . 7 4 2 8 + 0 0 0
3 . 9 6 8 0 + 0 0 0  
2 •  1 0 2 4  + 0 0 1  
4 . 0 3 2 9 + 0 0 1  
5 . 4 2 6 7 + n O 1 
4 . 9 5 0 2 + 0 0 1  
8 . 5 5 Q 2 + 0 0 0  
- 8 . 0 7 4 9 + 0 0 1  
- 1 . 9 7 1 5 + 0 0 2  
- 2 . 1 7 9 6 + 0 0 2  
2 . 2 9 5 2 + 0 0 2  
2 . 0 7 4 2 + 0 0 3  
7 . 4 5 8 8 + 0 0 ^  
2 . 0 6 4 9  + 0 0 4
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TABLE 5 XXV
Physical properties of the massive stars with chemical
composition X = 0.700, Y = 0.270, Z = 0.030, ^CN0=
M  = u 2m /m0 M = 1 0 M = 15
r
M = 2 0 M = 3 0
L 10-38 3.694 2 9.03 23 16.0927 33.8 299
Tc i o " 7 3.5858 3.7658 3.8853 4.0337
R 1 0 - 1 1 4.1986 5.3195 6.2662 7.8784
Te 10-4 4.1407 4.6000 4.8 967
1
5 . 2584




V a l u e s  ( i n  FORTRAN E -  t y p e  f o r m a t )  o f  t h e  c o e f f i c i e n t s
B.  a p p e a r i n g  i n  t h e  s y s t e m  o f  d i f f e r e n t i a l  e q u a t i o n s  
]
5 . 3 - 2 0 ,  f o r  t wo  mo d e s  o f  o s c i l l a t i o n .
X = 0 . 7 0 0 ,  Y = 0 . 2 7 0 ,  Z = 0 . 0 3 0 ,  X„ „ n = #
ONU 2
B.  V
FI RST MODE, M = y 2 M/M.
M = i o M  = 1 5 M  = 2 0 M  = 30
1 , 1 - 1 . 0 0 0 0 - 1 . 0 0 0 0 - 1 . 0 0 0 0 - 1 . 0 0 0 0
2 , 1 - 4 . 3 0 2 4 - 5 . 6 3 3 3 - 6 . 7 0 9 2 - 8 . 3 7 6 3
3 , 1 - 9 , 0 6 7 1 - 9 , 7 4 3 8 - 1 . 0 3 4 1  E+01 - 1 . 1 4 2 9  E+01
4 , 1 + 5 . 7 4 9 4 + 4 . 1 8 8 5 + 2 . 8 4 9 3  E + 0 0 + 9 . 2 2 4 5  E - 0 1
5 , 1 + 8 . 7 2 2 9  E -  0 8 + 4 . 4 5 3 3  E - 08 - 5  . 333 0 E - 0 9 - 1 . 1 3 6 0  E - 0 7
6 , 1 - 5 . 7 3 4 3  E - 0  6 - 7 . 9 7 3 4  E- 0  6 - 9 . 8 0 0 2  E - 0 6 - 1 . 2 7 2 3  E - 0 5
7 , 1 + 6 . 7 2 6 8  E - 0  7 + 4 . 9 6 4 1  E - 0 7 + 3 . 5 4 6 7  E - 0  7 + 9 . 2 3 2 0  E - 08
8 , 1 - 3 . 5 1 6 9  E -  0 5 - 4 . 1 2 7 2  E - 0  5 - 4 . 6 0 7 1  E - 0 5 - 5 . 3 6 1 4  E - 0 5
9 , 1 - 9 . 6 5 4 4  E -  0 6 - 9 . 9 3 1 5  E - 0 6 - 1 . 0 2 6 5  E - 0  5 - 1 . 0 6 5 5  E - 0 5
1 0 , 1 + 5 . 0 1 8 1  E - 0 4 + 6 . 7 9 4 9  E - 0 4 + 9 . 6 1 4 3  E - 0 4 + 1 . 0 2 6 4  E - 0 3
1 1 , 1 - 1 . 8 9 6 2  E -  0 6 - 1 . 3 5 9 7  E -  06 - 9 . 8  270 E - 0 7 - 3  . 5005  E - 0  7
1 2 , 1 + 3 . 1 7 9 8  E - 0  5 + 3 . 0506  E - 0 5 + 3 . 0 1 4 4  E -  0 5 + 2 . 9 5 3 6  E - 0 5
1 3 , 1 + 9 . 8 0 3 4  E -  0 5 + 1 . 0 8 3 2  E - 0 4 + 1 . 1 6 5 6  E -  04 + 1 . 2 9 8 5  E - 0 4
1 4 , 1 - 1 . 6 7 1 3  E-  03 - 2 . 1 1 7 6  E -  0 3 - 2 . 4 4 1 6  E -  03 - 2 . 9 0 7 0  E - 0 3
1 5 , 1 + 6 . 9 0 2 7  E- 0 7 + 4 . 8 1 3 0  E - 07 + 3 . 4 4 8 9  E- 0 7 + 1 . 3 3 7 1  E - 0 7
1 6 , 1 - 6 . 6 8 6 7  E -  0 5 - 4 . 8 0 7 5  E - 0 5 - 4 . 9 3 3 0  E -  05 - 5 . 1 5 0 3  E - 0 5
1 7 , 1 + 6 . 0 3 4  9 E - 04 + 7 . 3 3 6 8  E - 0 4 + 8 . 2 1 5 2  E - 0 4 + 9 . 4 0 2 0  E - 0 4
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TABLE 5 -XXVI ( C o n t i n u e d )
Bj , k
SECOND MODE, M = u2 m/ m





- 3 . 1 6 5 8  
- 1 . 9 5 0 8  
+ 6.  6 3 94 
- 5 . 7 7 1 1  E+01
- 3 . 6 6 1 1  
- 2 . 1 1 9 8  
+ 4 . 1 6 5 0  
- 5 . 9 4 7 5  E+01
- 4 . 0 6 2 8  
- 2 . 3 7 7 3  
+ 2 . 3 4 6 4  
- 5 . 9 3 7 9  E+01
- 4 . 6 7 2 8  
- 2 . 7 2 8 7  
- 1 . 1 8 4 2  E - 0 1  
- 5 . 8 8 7 0  E+01
5 , 2 - 1 . 3 2 0 5  E -  0 6 - 1 . 5 5 9 1  E- o  6 - 1 . 7 6 3 6  E - 0 6 - 2 . 0 4 9 6  E - 0 6
6 , 2 + 6 , 4 7  79 E - 0  5 + 1 . 0 0 0 4  E - 0 4 + 1 . 3 1 0 6  E - 0 4 + 1 . 8 2 4 7  E - 0 4
7 , 2 - 6 . 8 2  23 E -  0 6 - 6 . 7 8 7 4  E - 0 5 4 - 6 . 9 7 2 7  E - 0 6 - 7 . 2 4 9 8  E - 0 6
8 , 2 + 3 . 5 4 6 0  E - 0 4 + 4 . 6 4 3 8  E - 0 4 + 5 . 5523  E - 04 + 6 . 9 8 3 8  E -  04
9 , 2 + 7 . 7 305  E -  0 5 + 8 . 4 3 3 4  E - 0 5 + 9 . 0 0 3 0  E - 0  5 + 9 . 5 1 9 9  E - 0 5
1 0 ,  2 - 4 . 3 7 1 0  E-  03 - 6 . 4  2 56 E - 0  3 - 8 . 1 2 4 8  E - 0  3 - 1 . 0 7 8 0  E -  02
1 1 , 2 + 2 . 2 4 7 0  E -  05 + 2 . 0 8 4 8  E - 0 5 + 4 . 0 4 7 5  E - 0 5 + 2 . 0 0 9 7  E- 05
1 2 , 2 - 3 . 8 5 6 4  E - 0 4 - 4 . 0 7 6 3  E - 0 4 - 4 . 2 6 3 3  E -  04 - 4 . 3 9 0 5  E - 0 4
1 3 , 2 - 1 . 1 8 1 0  E - 03 - 1 . 4 4 7 2  E - 0  3 - 1 . 6 5 8 4  E - 0 3 - 1 . 9 7 7 9  E - 0 3
1 4 , 2 +  2 . 1 7 9 0  E -  0 2 + 3 . 1 0 2 6  E - 0 2 +  3 . 8 4 1 7  E -  0 2 +  4 . 9 6 0 1  E- 0  2
1 5 , 2 - 8 . 1 0 9 1  E - 0 6 - 7 . 2 1 5 9  E - 0 6 - 6 . 8 7 8 8  E - 0 6 - 6 . 4 8 5 2  E - 0 6
1 6 , 2 +  5 . 6 5 7 1  E- 04 + 6 . 4 2 6 6  E - 04 +  7 . 0 1 4 6  E - 04 + 7 . 8 1 7 4  E - 0 4
1 7 , 2 -7  . 8 6 8 2  E - 0 3 - 1 . 0 7 5 0  E - 0 2 - 1 . 2 9 2 6  E - 0 2 - 1 . 6  04 2 E - 0 2
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TABLE 5 XXVII
Numerical values (in Fortran E-type format) of a" 
- the coefficient of vibrational stability - 
determined for the first six modes.
Mo d e
c"
M = 10 M = 15 M = 2 0 M = 3 0
1 1.9310 E-11 7.7013 E-12 -7.7969 E -13 -1.3203 E-11
2 4.4649 E-C9 4.5266 E- 0 9 4.5996 E- 0 9 4.4508 E- 0 9
3 7.0133 E- 08 6.4704 E- 00 7.0870 E- 08 7.1728 E- 08
4 5 . 6527 E- 07 4. 5395 E- 07 5 . 2777 E- 07 5.7124 E -07
5 3.1467 E- 05 2.513 6 E-0 6 2.878 0 E- 06 3.227 5 E-06
6 1.3 27 7 E -0 5 1.24 54 E -05 1.358 6 E- 0 5 1.448 5 E- 05
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TABLE 5 XXVI I I
A m p l i t u d e s  d e t e r m i n e d  f o r  t h e  f i r s t  a n d  s e c o n d  mode s
o f  o s c i l l a t i o n  ( u n c o u p l e d )  f r o m  t h e  n u m e r i c a l  i n t e g r a t i o n
o f  t h e  e q u a t i o n s  5 . 4 - 2  a n d  5 . 4 - 3  r e s p e c t i v e l y .
When T = 5 x 1 0 4 , t  = - — = 2 . 1 4 1  x 1 0 8 s e c .o
1
M
+oit x = 2 . 5 x l 0 4 t  = 5 x l 0 4
1 0 2 q l  
1 l
2 . 000 1 . 9 9 5 1 . 9 9 0
- 2 . 1 2 2 - 2 . 1 1 5 - 2 . 1 0 9
10
1 0 4 q <
1 0 . 0 0 0 6 . 9 7 8 4 . 5 9 2
2 \ - 1 0 . 1 2 3 - 7 . 7 6 5 - 6 . 2 0 5
2 J
1 0  a- i  \
2 . 0 0 0 1 . 9 9 5 1 . 9 9 1
- 2 . 1 6 4 - 2 . 1 5 8 - 2 . 1 5 3
1 5
, . 4  f 1 0 . 0 0 0 6 . 1 0 7 3 . 2 4 5
1 0  o 0 < "2 \ < - 1 0 . 1 0 3 - 7 . 0 1 5 - 5 . 3 1 5
J 2 . 0 0 0 1 . 9 9 5 1 . 9 9 4
1 0 2 q <




1 0 . 0 0 0 - 6 . 4 6 5
5 . 4 8 9
2 . 3 4 5
- 1 0 . 0 9 8 - 4 . 7 5 5
j 2 . 0 0 0 2 . 0 0 0 2 . 000
1 0 2 q {
1 V - 2 . 2 5 6 - 2 . 2 5 4 - 2 . 2 5 2
30
1 0 . 0 0 0  . 4 . 6 4 3 1 . 1 9 0
1 0 4 q {
*2 I - 1 0 . 0 8 4 - 5 . 6 9 1 - 4 . 1 1 0
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TABLE 5 XXIX
Successive values of the q terms, occurring in the 
coupled equations, as defined by 5.4-5 and deter­
mined for M = 10 and M = 30 (with two sets of initial 
condit ions ).
When I = 5 x 10 4 , t = — = 2.141 x 1 0 8 s e c .
a ,
M  = i o T = 0 t » 2 . 5  X 1 0 4 t  ^  5.0 x 1 0 4
Y (1 ) 0.0 0 0 2 . 5 0 3  E+4 4 . 9 9 8  E+4
Y ( 2 ) 0 . 0 0 0 - 2 . 0 5 9  E-2 1 . 9 3 7  E-2
Y ( 3 ) + 2 . 0 0 0  E-2 - 1 . 2 6 9  E -3 - 6 . 6 1 2  E -3
Y ( 4 ) 0 . 0 0 0 5 . 3 8 2  E+0 1 . 0 6 9  E+l
Y ( 5 ) 0 . 0 0 0 - 2 . 2 8 9  E+l - 4 . 4 6 7  E+l
Y ( 6 ) 0.000 6 . 5 7 9  E-4 5.687 E-7
Y ( 7 ) + 1 . 0 0 0  E -3 - 6 . 2 5 0  E-4 - 1 . 1 0 9  E - 3
Y ( 8 ) 0.0 0 0 7 . 6 1 6  E - 3 1 . 6 2 8  E-2
Y( 9) 0 . 000 - 4 . 7 1 9  E+0 - 1 . 2 8 1  E + l
Y( 10 ) 0 . 000
1
1 . 8 3 7  E-2 4 . 8 1 0  E-2
158
TABLE 5-XXIX ( C o n t i n u e d )
M = 3 0 T = 0 t«*2 . 5 x1 0 4 x ^ 2 . 5  x 10 4
Y (1  ) 0 . 0 0 0 2 . 5 9 8  E +4 4 . 9 9 9  E+4
Y( 2) 0 . 0 0 0 - 1 . 7 9 1  E - 2 - 8 . 6 5 9  E- 3
Y ( 3 ) + 2 . 0 0 0  E - 2 - 9 . 6 4 2  E - 3 - 1 . 9 2 8  E- 2
Y ( 4 ) 0 . 0 0 0 + 5 . 6 5 0 + 1 . 0 8 4  E+l
Y ( 5 ) 0 . 0 0 0 - 4 . 6 0 1  E+l - 8 . 4 5 0  E+l
Y ( 6 ) 0 . 0 0 0 - 1 . 1 7 6  E - 3 - 4 . 0 1 7  E- 4
Y (7 ) + 1 . 0 0 0  E - 3 + 7 . 5 3 2  E- 4 - 1 . 9 4  0 E- 3
Y ( 8 ) 0 . 0 0 0 + 3 . 2 2 7  E- 2 + 5 . 6 8 1  E- 2
Y ( 9 ) 0 . 0 0 0 - 8 . 3 2 8 - 2 . 7 7 0  E+ l
Y( 10 ) 0 . 0 0 0 + 2 . 7 2 6  E- 2 + 8 . 8 3 5  E- 2
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TABLE 5-XXIX (Continued)
M = 3 0 oiiH t «2 . 5 x 1 o 4 t » 5 .0xl 04
Y (1 ) 0.000 2.598 E+4 4.999 E+4
Y ( 2 ) 0.000 -1.610 E-2 -1.036 E-2
Y ( 3 ) +2.000 E-2 +8.269 E-3 -1.605 E-2
Y (4 ) 0.000 +4.194 +8.812
Y ( 5 ) 0.000 -1.504 E+l -1.065 E+l
Y ( 6 ) 0.000 +1.248 E-2 +1.652 E-4
Y ( 7 ) +1.000 E-2 -5.717 E-3 -6.457 E-3
Y (8 ) 0.000 -1.111 E+0 +1.810
Y ( 9 ) 0.000 -7.814 E+l -1.990 E+2
Y ( 1 0 ) 0.000 +6.491 E-2 +1.340 E-l
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FIGURE CAPTIONS
FIGURE 5 - 1
A m p l i t u d e s  o f  t h e  s e c o n d  mode o f  o s c i l l a t i o n ,  f o r
t h e  f o u r  m a s s i v e  s t a r s  M = 1 0 ,  1 5 ,  20 a n d  3 0 ,  f r o m
t = 0 t o  t  = - — = 2 . 1 4 1  x 1 0 8 s e c o n d s ,  
a 1
FIGURES 5 11 -  5V
S u c c e s s i v e  v a l u e s  o f  t h e  a m p l i t u d e  f o r  t h e  f i r s t  
( s e c o n d )  mode o f  o s c i l l a t i o n .  ( ---------- ) w i t h o u t  c o u p l i n g ,
same i n i t i a l  c o n d i t i o n s a n d c o u p l e d w i t h  t h e
s e c o n d (first ) m o d e .
T i me  s c a l e  : t =— = 2 . 1 4 1  x 1 0 8 s e c
a l
I n i t i a l  v a l u e s  : qi=+ 0 . 0 2
V + 0 . 0 0 1
FIGURES 5 VI -  V I I
A s a b o v e  f o r  f i g u r e s 5 11 -  5V b u t w i r  h
I n i t i a l  v a l u e s  : V + 0 . 0 2
q  = 
2
+ 0 . 0 1
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